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Project No. 86347 ow 

FORD MOTOR COMPANY - ALLEN PARK CLAY MINE 
MID 980568711 

SECTION D 

LINER ENGINEERING REPORT 

(Prepared by Neyer, Tiseo & Hinde, Ltd. - June 24, 1988) 

1. 0 INTRODUCTION 

The following submittal, prepared by Neyer, Tiseo and Hinde, 

Ltd. (NTH), presents a discussion and evaluation of the proposed 

double liner system design intended for use in the hazardous 

waste disposal Cell II at Ford Motor Company's Allen Park Clay 

Mine Landfill. This submittal has been prepared in accordance 

with requirements outlined in Michigan Act 64 R.299.9505, 

R299.9619, R299.9620 and R299.9621, as well as 40 CFR 264.301 

(a & c) • 

This evaluation of the double liner system by NTH is based on 

design information available at the time of writing and may 

require modification if the liner design is changed. Our 

evaluation has been performed according to generally accepted 
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geotechnical engineering practices for the exclusive use of Ford 

Motor Company and the Michigan Department of Natural Resources 

(MDNR). 

2.0 DESCRIPTION 

2.1 Pre-Liner Construction Activities 

Cell II has been excavated to an approximate elevation of 560 

feet mean sea level (msl). Prior to construction of the Cell II 

double liner system, cutting andjor filling operations will be 

performed so that the Cell II base and sideslopes conform to 

elevations and grades given in engineering design plans. Other 

pre-liner construction activities include the construction of a 

U-shaped stabilization berm at the toe of the slope and 

installation of a pressure relief system at the bottom of the 

cell. Engineering design plans indicate that a berm will be 

built around the perimeter of Cell II to provide an anchor trench 

for the liner and the cover system. It is expected that 

construction of this berm will occur concurrent with the double 

liner system construction. 
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2.2 Double Liner System 

The proposed double liner system intended for use in Cell II of 

the Allen Park Clay Mine (APCM) will consist of the following 

five basic elements, from the bottom upward: 

A. pressure relief system 

B. an SO-mil secondary flexible membrane liner (FML); 

c. a leak detection system; 

D. a composite liner consisting of 5 feet of compacted 

clay overlain by an so-mil primary flexible membrane 

liner; and 

E. a leachate collection system. 

Except in areas where sideslope backfilling to achieve design 

grades will occur, the double liner system will generally rest 

upon the native silty clay subsoils. The eastern sideslope of 

the cell (grid direction) will be founded on the interim cover 

and underlying compacted fill material of previously closed Cell 

I. 
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3.0 NATURAL SOILS/FOUNDATION 

3.1 On-site Soil Conditions 

Geologic conditions at APCM are characterized by approximately 

100 to 110 feet of clayey soils ov€rlying the Dundee Limestone 

(Mozola, 1969). Soil investigations performed by Michigan 

Testing Engineers, Inc. (MTE) and NTH, as well as on-site clay 

mining operations, have confirmed this extensive clay deposit. 

An MTE hydrogeological report dated November 24, 1981, indicated 

that the native silty clay deposit extended to depths comparable 

to those found in other investigations. 

A subsoil investigation performed by NTH in January, 1985, 

substantiated data obtained during earlier studies. The body of 

data generated during this investigation is presented in Appendix 

I. Based on this data, the generalized subsurface profile 

beneath Cell II of APCM is characterized by a deposit of gray 

silty clay that is underlain by a unit of hard clayey silt 

locally termed hardpan. Test boring data included as Figures 1 

through 3 in Appendix I, indicate that the silty clay deposit 

extends to a depth of approximately 95 feet below the natural 

ground surface. As shown by vane shear test data presented on 

Figures 6 through 10 of Appendix I, the consistency of the clay 

was found to range from soft to medium in the lower 20 feet of 
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the deposit. The clay is of medium consistency in the upper 75 

feet of the deposit. Tabulation of soil test data is presented 

on Figures 4 through 5 of Appendix I. As indicated by these 

data, these soils were found to be moderately plastic and have a 

Unified Soil Classification (USC) of CL (ASTM 02487). The 

moisture content and dry density of selected samples of these 

soils ranged from 18 to 37% and 85 to 116 pounds per cubic foot, 

respectively. 

Clay mining operations have shown that soil conditions described 

in MTE and NTH reports appear to be present over the entire site . 

During these operations, clay was excavated to a depth of 

approximately 45 feet over a large portion of the site. 

The NTH investigation revealed that groundwater is present in 

deeply buried granular andjor limestone deposits beneath the 

site. These water bearing strata are under significant artesian 

pressure, resulting in piezometric levels at approximately 

elevation 605. This piezometric level is above the existing 

ground surface around Cell II, effectively resulting in an upward 

hydraulic gradient over the entire site. 

3.2 Stability (299.9505 (1) (d) (iii,v), 299.9621 (1) (b)] 

The foundation stability of the proposed design slope 

configuration of Cell II has been evaluated with respect to two 
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possible modes of failure: deep failure with the failure surface 

tangent to the hardpan layer and shallow failure through the toe 

of the slope. 

Using the computer adaption of the Bishop method of slices, many 

different slip surfaces corresponding to the two failure modes 

were evaluated. The failure surfaces having the lowest factors 

of safety are presented on Figure 1 of Appendix II. These 

surfaces correspond to surfaces over which failure would most 

likely occur for design slope configuration and soil conditions 

shown in Figure 1. As shown on Figure 1, a U-shaped intermediate 

clay dike acting as a stabilizing toe berm for the cell 

sideslopes is included in the cell sideslope design. The 

effects of traffic surcharge load are also included. Soil 

conditions on which the analyses were based consisted of 

undrained shear strength values of 920 and 690 psf for the 

underlying medium and medium to soft clay, respectively. These 

values are based on vane shear data presented on Figures 6 

through 10 of Appendix I. Acceptable factors of safety (not less 

than 1.2) were obtained for the slip surfaces shown on Figure 1. 

As shown on Figure 1, the analysis accounts for truck traffic 

along the top of the slope. The analysis assumes no storage of 

construction materials or stockpiling of soil backfill is 

allowed within 100 feet of the top of the slope. 

6 



Calculations included in Figures 2 through 4 of Appendix II show 

that there is a potential for base instability due to artesian 

pressures in the underlying aquifer. Therefore, it is intended 

that a program of cell base preparation be undertaken in 

accordance to specifications outlined in the Construction 

Quality Assurance Plan, (CQAP}, dated January 21, 1988, and 

revised June 24, 1988. 

3.3 Settlement [299.9505 (1)(d)(i)] 

Compressibility characteristics of the soils beneath the landfill 

cell were examined and are included in Figure 11 of Appendix I. 

Settlement calculations based on these compressibility 

characteristics are presented in Appendix II, Figures 5 through 

10. As shown on Figure 10, the maximum anticipated settlement 

after liner installation and filling of the cell is 

approximately 2 feet. Since localized concentrated loadings are 

not expected, settlement is expected to occur over a large area. 

Hence, localized differential settlements beneath the base of the 

cell are expected to be minimal. Therefore, the anticipated 

settlement should not adversely affect the liner integrity. 

Some consolidation is expected to occur within the fill materials 

underlying the western side of Cell I as well as within the 

native clay beneath the other cell sideslopes. Settlement 
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resulting from this consolidation is similarly not expected to 

adversely affect the integrity of the liner system. 

3.4 Bearing Capacity for Manhole (299.9505(91) (d) (ii)] 

In 1985, an analysis was performed to evaluate the ability of the 

subgrade to support a reinforced concrete manhole. This analysis 

is presented in Figures 11 and 12 of Appendix II. The HDPE 

manhole incorporated into the latest liner design will be 

"lighter" than the concrete manhole. Therefore, subsoils are 

expected to provide adequate support for the proposed manhole. 

3.5 Varying Groundwater Conditions (299.9505(1) (d) (iv)] 

Varying groundwater conditions are unlikely to have a 

significant effect on the performance of the liner system once 

Cell II is constructed and filled. A rise in the piezometric 

level in the aquifer during construction and the early stages of 

filling would increase the potential for basal instability. For 

this reason, preparation of the cell base and initial filling 

should be performed as expeditiously as possible. 

Changes in the pore pressures in the cohesive deposits brought on 

by a change in groundwater conditions would affect the settlement 

analysis. However, a large increase in either total or 

differential settlement above the maximum estimates presented 
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above would not be expected unless excessive dewatering of the 

underlying aquifer is undertaken. 

4.0 PRESSURE RELIEF SYSTEM [264.301(a)(1) (ill 

4.1 PUrpose 

As indicated in the previous section, an upward hydraulic 

gradient exists at the APCM site. Upward seepage could 

ultimately result in an accumulation of water beneath the liner 

on the base or the side slopes. Such an accumulation could in 

turn result in a loss of friction along the sideslopes or in 

damage to the compacted clay liner along the base. To mitigate 

possible liner instabilities related to seepage, a pressure 

relief system has been designed to intercept and collect water 

that might accumulate beneath the secondary FML. 

4.2 Elements and Design 

In general, the pressure relief system consists of a series of 

wick drains spaced at 50-foot intervals along the cell base and 

at 25-foot intervals along the cell walls, and located all along 

the toe of the slope. These drains lead to 4-inch diameter HDPE 

collector pipes which in turn allow the captured water to flow to 

a sump for eventual disposal. The general layout of this system 
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is shown on Cell Engineering Design Plans. Calculations on 

which the design of the pressure relief system is based are 

presented on Figures 13 through 22 of Appendix II. 

4.3 Transmissivity of Wick Drains 

As shown on Figure 14, wick drains will consist of 5-foot wide 

strips of geosynthetic drainage net placed directly beneath the 

80-mil FML. A sheet of geosynthetic filter fabric will exist 

between the drainage net and the underlying subbase clay to 

prevent the migration of clay particles into the drains. The 

transmissivity of the drainage wick was evaluated to determine if 

the wicks could efficiently transmit seepage. Based on 

calculations presented in Figures 14, 15, and 22C through 22E of 

Appendix II, drainage nets having a transmissivity on the order 

of 10-5 m2js, such as the TENSAR(TM) DNI or equivalent, would 

meet this requirement. Manufacturers' hydraulic transmissivity 

test results for various types of drainage nets are shown on 

Figure 16 for information. 

4.4 Filter Requirements 

Filter criteria for the interface between the filter fabric and 

clay subbase have been evaluated. This evaluation is presented 

in Figure 17 of Appendix II. Filter criteria were used to 
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evaluate the potential for clay particles to enter and clog the 

filter fabric. Based on our evaluation, any fabric having an 

equivalent opening size greater than 0.149 mm and less than 0.211 

nun should be suitable. Physical properties of two brands of 

filter fabric,_ including the equivalent opening size, are listed 

on Figures 18 and 19 of Appendix II. Both of these satisfy the 

required filter criteria. 

4.5 Pipe Minimum Design Slope and Perforations 

It is anticipated that 4-inch diameter HDPE pipes (SDR 21) will 

be sloped at a 1% grade, consistent with the grade of the Cell II 

base. Based on calculations presented in Figure 20, Appendix II, 

4-inch diameter pipes sloped at a 1% grade will effectively 

transmit anticipated design flows. 

It is anticipated that perforations within the HDPE pipe will 

consist of 2 rows of 1/4-inch diameter circular holes spaced at a 

60• angle. Based on calculations presented in Figures 20 and 21, 

Appendix II, perforations of this size and spacing will 

accommodate design flows preventing an excess pressure gradient 

from developing at the entrance of the pipe. 

11 
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4.6 Pipe Strength [299.9505 (1) (e) (ii) (F), 40 CFR 264.301 

(a) (2) (i) (B)] 

Calculations performed to determine if the strength of 4-inch 

diameter HDPE pipe will sustain the load of overlying material 

are presented in Appendix II, Figures 22A and through 22B. As 

shown in Figure 22B, the weight of the overlying refuse and the 

granular drainage blanket will result in a pipe deflection of 

1.9%. This value is less than the maximum allowable deflection 

of 7.5%, recommended by a manufacturer of HDPE pipe. Figure 40 

suggests that equipment having a ground contact pressure greater 

than 41.5 psi should not be used within a distance of five feet 

above the upper surface of the granular blanket. 

5.0 CLAY SOURCES USED IN CELL AND LINER CONSTRUCTION 

[299.9620(2), 299.9505 (l)(b), 40 CFR 264.301 (a) (1) (ill 

Compacted clay will be placed on the base and sideslopes of Cell 

II, used in berm construction and in the construction of the 5-

foot compacted clay liner. Presently, two sources of clay have 

been specified for use. These sources include native silty clay 

obtained from on-site clay mining operations and silty clay 

obtained from the I-696 highway construction project. 

12 
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5.1 Native On-Site Silty Clay - Test Data 

Laboratory testing data generated for the native on-site silty 

clay has been compiled and is presented on Table 1, 

Characteristics of Clay Sources; Table 2, Results of Laboratory 

Strength Testing For Native On-site Clay; and Table 4, Summary of 

Permeability Test Results. These tests were performed on bag and 

Shelby tube samples obtained during the summer of 1986 and on bag 

samples obtained in the spring of 1987. 

Table 2 contains the results of a series of unconfined 

compressive strength tests performed on soil samples from native 

on-site clay prepared at varying moisture contents and densities. 

Undrained shear strength values shown on Table 2 are equal to 1/2 

of the unconfined compressive strength value for a given sample. 

The results of permeability testing with water are shown on Table 

4. 

In addition to laboratory data generated in 1986 and 1987, 

laboratory testing of native silty clays was undertaken during a 

subsoil investigation performed by NTH in 1985. At that time, 

soil samples were obtained from the drilling of two deep test 

borings. Logs of these borings are presented in Figures 1 and 2 

of Appendix I. As shown on these boring logs, liner samples and 

relatively undisturbed piston samples were obtained at various 

13 
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depths throughout the extensive unit of soft to medium gray silty 

clay underlying the site. Various tests (water content, density, 

Atterberg limits, field vane shear test and one consolidation 

test) were performed on selected samples from this investigation. 

Results of this testing are included on Figures 4 and 5 of 

Appendix I, Tabulation of Test Data. 

The overall suitability of this material for 

Construction of Cell II is discussed in 

Constructability of the Cell and Double-Liner 

use in the 

section 14 o 0, 

System. The 

suitability of this material for use in construction of various 

components of Cell II is discussed in Sections 6 o l, 7. 2, and 

9.2. 

5o2 I-696 Clay - Test Data 

Laboratory testing data generated for the I-696 clay has been 

compiled and is presented on Table 1, Characteristics of Clay 

Sources, Table 3, Results of Laboratory strength Testing for I-

696 Clay, and Table 4, Summary of Permeability Test Results o 

Tests were performed on bag samples obtained between the summer 

and spring of 1987o 

Table 1 contains the results of Modified Proctor, grain size 

distribution and Atterberg limit determinations performed on 

samples of I-696 clay. Table 3 contains the results of a series 
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of unconfined compressive strength tests performed on I-696 

samples prepared at varying moisture contents and densities. 

Undrained shear strength values shown on Table 3 are equal to 1/2 

the unconfined compressive strength value for a given sample. 

Permeability testing results for this material are presented on 

Table 4. 

The overall suitability of this material for use in the 

Construction of Cell II is discussed in Section 14.0, 

Constructability of the Cell and Double Lined System. The 

suitability of this material for use in construction of various 

components of Cell II is discussed in Sections 6. 1, 7. 2, and 

9. 2. 

5.3 Index Properties of Native On-Site Clay 

As indicated in above sections, properties of native on-site clay 

have been compiled and are included in Table 1, Characteristics 

of Clay Sources. Based on properties presented in Table 1, all 

samples may be classified as CL soils under the USC system (ASTM 

02487). The percent by weight of sample material passing the 

#200 sieve ranges from 71 to 99.6%. The liquid limit for this 

material ranges from 21 to 34, while the plasticity index ranges 

from 8 to 16. 

15 
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As shown on Table 1, the maximum dry density of native on-site 

clay as determined by the Modified Proctor Test (ASTM 0557) 

ranges from 113. 6 to 129.7 pounds per cubic foot. The optimum 

moisture ranges from 9.2 to 14.9%. These moisture content values 

are significantly lower than the natural values of this material, 

which range between 12.4 and 33.1% as shown on Figures 4 and 5 

of Appendix I. 

5.4 Shear strength of Native on-site Clay 

As shown on Table 2, Results of Laboratory Strength Testing for 

Native On-Site Clay, the undrained shear strength was determined 

for a number of samples prepared at moisture contents of 

approximately +3%, +5%, and +9% above optimum and at varying 

degrees of compaction. As shown on this table, samples prepared 

at moisture contents approaching natural water content values 

(approximately 18%) tended to have a very soft to medium 

consistency and generally could not be compacted to a dry density 

of more than 88% of the maximum dry density for the material. on 

the other hand, samples prepared at moisture contents closer to 

optimum tended to have a very stiff to hard consistency and could 

be compacted to dry densities of more than 90% of the maximum dry 

density for that material. 

16 



5.5 Permeability of Native On-Site Clay 

As shown on Table 4, Summary of Permeability Test Results, 

permeability testing was performed on three sources of the native 

on-site clay. Samples tested generally were compacted at either 

90% or 95% of the maximum dry density for that material. 

Moisture contents of the samples ranged from -2% to +5% of the 

optimum value. The results of 15 permeability tests are included 

in this table. 

In general, permeability test results were somewhat variable. 

In most cases, samples tested at 95% compaction and at moisture 

contents of 5% above optimum consistently tended to yield 

acceptable coefficients of permeability, i.e., slightly below 1 x 

10-7 cmjsec. Samples prepared at 95% compaction and at moisture 

contents of 2% below optimum, as well as all samples prepared at 

90% compaction, generally yielded coefficients of permeability 

unacceptable for the compacted clay portion of the double liner 

system. 

5.6 Index Properties Of I-696 Clay 

As indicated in preceding sections, properties of I-696 clay 

have been compiled and are included on Table 1, Characteristics 

of Clay Sources. Based on properties presented in Table 1, all 

17 



samples may be classified as CL soils under the usc system (ASTM 

02487). The percent by weight of sample materials passing 

through the #200 sieve ranges from 64.4 to 72.3%. The liquid 

limit for this material ranges from 25 to 29 while the 

plasticity index ranges from 9 to 14. 

As shown on Table 1, the maximum dry density of I-696 clay as 

determined by the Modified Proctor Test (ASTM 0557) ranges from 

120.2 to 132.6 pounds per cubic foot. The optimum moisture 

ranges from 8 to 13.6%. 

5.7 Shear Strength of I-696 Clay 

As shown on Table 3, Results of Laboratory Strength Testing for 

I-696 Clay, the undrained shear strength was determined for a 

number of samples prepared at moisture contents of approximately 

-2% below optimum, at optimum, +2% and +5% above optimum, and at 

varying percents of compactive effort. Based on the results of 

strength testing, samples prepared at moisture contents of +5% 

optimum tended to have relatively low undrained shear strengths 

which corresponded to soft to medium consistencies. • Generally, 

these samples could not be compacted to dry densities greater 

than 89% of the maximum dry density for that material. Samples 

prepared at -2% below optimum tended to have higher undrained 

shear strengths which corresponded to stiff to very stiff 

consistencies. Generally, a compaction of 92% of the maximum dry 
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density could be obtained in these samples. Finally, samples 

compacted at optimum moisture content or 2% above optimum tended 

to also have high unconfined strength which corresponded to 

consistencies ranging from hard to very stiff. Samples prepared 

at optimum moisture content reached high undrained shear 

strengths and compaction levels as high as 95.7% of the maximum 

dry density. 

5.8 Permeability of I-696 Clay 

As shown on Table 4, Summary of Permeability Test Results, 

permeability testing was performed on four sources of the I-696 

clay. Samples tested generally were completed at either 90% or 

95% of the maximum dry density for that material. Moisture 

contents of the samples ranged from -2% to +5% of the optimum 

value. The results of 16 tests are included in this table. 

Permeability test results for the I-696 clay samples· were less 

variable than those for the native on-site clay samples. In all 

cases, permeability coefficients were less than 1 x 10-7 cmjsec, 

the maximum acceptable value for liner material. As shown on 

Table 4, one sample initially yielded a permeability coefficient 

of 2. 3 x 10-7 cmjsec. However, this test was later rerun on 

another sample of the same material and prepared in the same 

manner and yielded a permeability coefficient of o. 77 x 10-7 

cmjsec. 

19 



r 
I 

5.9 Permeability of Source Materials with Respect to Leachate 

(299.9505 (1) (b) (vii)] 

Permeability testing using a synthetic leachate as a permeant, 

was conducted on I-696 clay as well as native on-site material. 

The test was performed in a triaxial cell on samples prepared at 

optimum moisture content and 90% compaction. Each sample was 

permeated with water and allowed to equilibrate prior to the 

introduction of leachate. The leachate used in the test was 

synthesized by spiking leachate generated in Cell I with 

constituents expected to be placed in Cell II. 

Details on testing methodology as well as the results of the 

testing are discussed in Appendix IV. Based on these results, 

permeation of both the I-696 and the native soil samples with 

leachate did not appear to adversely affect the permeability of 

the clay. 

5.10 Selection & Testing of Other Material Sources 

Characteristics of clay sources intended for use in construction 

have been described in the preceding paragraphs. Other material 

sources may eventually be considered for use. Material intended 

for use in the compacted clay liner will have the following 

characteristics: 
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A. A Unified Soil Classification (USC) of CL as determined 

by the provisions of ASTM Standard D2487. 

B. More than 25% of the soil particles will be less than 5 

c. 

D. 

microns in size. 

Are capable of being compacted to achieve a 

permeability coefficient (after compaction) of not more 

than 1 x 1o-7 cmjsec. 

Are capable of being compacted to achieve an undrained 

shear strength of at least 2500 psf for those areas 

identified in Plate 1. 

Permeability, grain size and soil classification criteria are 

based on the requirements of rules 299.9505(1) (b) (vi) and 

299.9620(2) (a,b,d) of Act 64. Shear strength criteria is derived 

from a slope stability analyses performed by NTH, which indicate 

that a minimum undrained shear strength of 2500 psf is needed 

over most of the slope. This value is expected to provide an 

adequate factor of safety against slippage of the compacted clay 

along the underlying geotextiles for the existing design slopes. 

21 
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The rationale for selection of this shear strength parameter is 

discussed in greater detail in Section 9.0, Compacted Clay in the 

Primary Liner. 

Potential borrow sources of CL material will be sampled and 

tested to determine if the source is suitable for use in the Cell 

II liner system or in other areas of cell construction. Such 

testing will include determination of grain size distribution and 

Atterberg limits. Additional testing of the potential borrow 

source samples, after compaction in the laboratory, will include 

moisture-density relationship (Modified Proctor), permeability, 

and unconfined compressive strengths. Permeability testing using 

a synthesized leachate permeant similar in composition to the 

anticipated cell leachate will also be performed. Testing will 

be performed, where appropriate, according to ASTM standard 

methods referenced in R299.9505(1) (b). 

6.0 SUBBASE AND STABILIZATION BERM CONSTRUCTION 

The base of Cell II has been excavated to an approximate 

elevation of 560 feet msl. Prior to construction, compacted 

clay fill will be placed in the existing cell base to reach 

design grades and a stabilization berm will be built along the 

base of the cell as shown on the drawings. 

22 
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Permeability and shear strength criteria have been established 

for source materials intended for use in construction of the 

U-shaped stabilization berm and clay subbase. Permeability 

criteria are based on Act 64 requirements; shear strength 

criteria are based on slope stability analyses discussed in 

Section 9.0. 

Moisture/density specifications that will enable the soil fill 

source to meet permeability and shear strength requirements are 

based on laboratory test data presented in Tables 2 through 4. 

These requirements have been summarized and are presented on 

Plate 1, Cell II Liner System Construction Requirements. Plate 1 

specifies the shear strength and permeability which apply to 

various portions of the cell and liner as well as 

moisture/density specifications needed to meet these criteria. 

6.1 Suitability of Source Materials 

As previously indicated and as presented on Plate 1, a shear 

strength of 2500 psf is required for clay used to construct the 

u-shaped stabilization berms. This shear strength can be 

achieved in either the native on-site clay or the I-696 clay. 

However, laboratory test data for the I-696 clay, presented on 

Table 3, Results of Laboratory Strength Testing For I-696 Clay, 

suggest that the range in moisture content over which the clay 
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may be placed must be restricted in order to achieve the minimum 

required shear strength of 2500 psf. As shown on Plate 1, it is 

recommended that I-696 clay used in construction of the 

stabilization berms be placed at 90% compaction and moisture 

contents ranging between 2% below to 3% above optimum. Since the 

shear strength requirements for the compacted clay subbase are 

much lower (500 psf see Plate 1), I-696 clay used for 

construction in this area may be placed at 90% compaction and 

moisture contents ranging between 2% below to 5% above optimum. 

As shown on Table 2, Results of Laboratory Strength Testing For 

Native on-Site Clay, the native on-site clay meets shear strength 

requirements for the stabilization berm when compacted at 

moisture contents below +5% of optimum. Therefore, this material 

may be placed at 90% compaction and moisture contents ranging 

between 2% below to 5% above optimum, as indicated on Plate 1. 

As shown on Plate 1, minimal shear strength and permeability 

restrictions apply to the construction of the Cell II subbase. 

Therefore, on site clay may be placed at 90% compaction and 

moisture contents ranging from 2% below optimum to 5% above 

optimum and still meet shear strength and permeability 

requirements of 500 psf and 1 x 10-6 cm;s, respectively. 

Accordingly, both the native on-site clay and I-696 clay may be 

used in the preparation of the Cell II subbase. 
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6.2 Construction Requirements 

Construction of the subbase and U-shaped stabilization berm will 

proceed in accordance with specifications outlined in the 

Construction Quality Assurance Plan dated June 24, 1988. General 

construction specifications, testing type and frequency and 

responsibilities of various organizations involved in 

construction are included in this document. 

7.0 SIDESLOPE AND PERIMETER BERM CONSTRUCTION 

7.1 Filled Slopes and Side Berms 

As shown on engineering design plans, fill will be placed in some 

areas along the Cell II sideslopes in order to achieve design 

grades in these locations. In addition, a side berm (perimeter 

berm) will be constructed around the perimeter of Cell II. 

Permeability and shear strength criteria which apply to soil used 

in berm construction and sideslope preparation are shown on Plate 

1 as well as moisture/density specifications need to meet these 

criteria. Construction of the sideslope and side berm will 

proceed in accordance with specifications outlined in the 

Construction Quality Assurance Plan. 
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7.2 suitability of Construction Materials 

As shown on Plate 1, a shear strength of 2500 psf is required for 

clay placed along Cell II sideslopes and in the side berm 

construction. Based on laboratory test data presented on Table 

3, it is recommended that I-696 clay used in constructions of 

these portions of Cell II be placed at 90% compaction and 

moisture contents ranging between 2% below to 3% above optimum. 

Laboratory test data presented in Table 4 indicates that the 

native on-site clay may be placed at 90% compaction and moisture 

contents ranging between 2% below to 5% above. 

7.3 Construction Requirements 

General construction specifications, testing type and frequency 

and responsibilities of various organizations involved in 

construction are included in the Construction Quality Assurance 

Plan document. 

7.4 cut Slopes 

As shown on engineering design drawings, some cutting of 

sideslopes will be performed in order to achieve design grades. 

General construction specifications, testing type and frequency 
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and responsibilities of various organizations involved in 

construction are included in the Construction Quality Assurance 

Plan document. 

8.0 LEAK DETECTION AND SECONDARY LINER SYSTEM 

8.1 Description and Physical Properties [299.9622(1), 

299.9505(1) (e) (ii,iii)) 

Multiple layers of geosynthetics composing the leak detection 

system and the secondary FML comprise the lowermost containment 

unit of the double liner system. They are shown on the 

engineering design drawings prepared by MCI. The leak detection 

system underlying the 5-foot compacted soil layer in Cell II 

consists of a combination of geotextile drainage nets, filter 

fabrics, and HOPE collection pipes leading toward four collection 

sumps. This combination of material facilitates the detection of 

potential leaks through the clay layer. 

In general, two layers of HOPE drainage net will be placed along 

the base of Cell II. A single layer of thicker HOPE drainage net 

will be placed along the sides lopes. All drainage net layers 

will be placed in a manner to maximize the space between 

individual drainage sheets and will be covered with filter 

fabric. Six-inch diameter SDR 7. 3 HOPE perforated collection 

pipe with capped ends will be placed in the collection point with 
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five layers of drainage net. This pipe will be joined to six-

inch diameter SDR 7.3 nonperforated pipe which will pass through 

the secondary liner to a storage sump located near the cell 

boundary. Another six-inch nonperforated pipe will provide 

access from the sump to the surface. The secondary FML will be 

sealed at the point where the secondary leak detection piping 

passes through. The primary FML will not be perforated at any 

point by the six-inch collection piping. A so-mil HOPE FML will 

underlie the leak detection drainage net system as the secondary 

liner system. The properties of this materials are listed in 

Standard 54 (NSF. 1985). 

8.2 Chemical Compatibility [299.9505(1) (c) (iii), 299.9505 

(1) (e) (ii) {E)] 

Material properties of the secondary FML and of geosynthetics of 

the leak detection system will be evaluated following the 

selection of a manufacturer of these materials. Such properties 

will be used to .evaluate chemical compatibility between 

geosynthetics and the landfill environment. Any additional 

information necessary to evaluate chemical compatibility as 

required by R299.9505 (1) (c) (iii) and 299.9505 (1) (e) (E) will be 

obtained at this time. 
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8. 3 Damage to Geosynthetics During Placement of Compacted Clay 

[299.9505 (1) (e) (ii) (F)] 

Damage to geosynthetics during placement and compaction of the 

clay portion of the primary liner is a consideration that was 

evaluated by Wayne Disposal, Inc. (WDI) via construction of a 

test fill prior to construction of Master Cell VI at the WDI 

Landfill Site No. 2. The purpose of the test fill was to 

evaluate the stability of a compacted clay layer on 

geosynthetics and to investigate the potential for damage to 

geotextiles during clay placement and compaction. The liner 

system used by WDI in Master Cell VI is essentially identical to 

that proposed for use in Cell II as described herein. Therefore, 

findings for the test fill that relate to damage to 

geosynthetics during compacted clay placement are applicable for 

evaluation of the double liner system in Cell II. These findings 

were described in a submittal prepared by NTH entitled "Findings 

for the Test Fill" and dated July 31, 1986. This document is 

contained within Appendix III of this submittal. 

As indicated by the test fill document, several pertinent 

conclusions were drawn following the completion of the test fill. 

The most important with respect to the leak detection system were 

that the earth moving equipment and methods used to construct the 

test fill did not appear to damage the geosynthetics or cause 
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excessive stresses if proper precautions were taken. 

Furthermore, the drainage and leak detection system was not 

rendered ineffective by the clay compaction operations. 

8.4 Installation and Operation Stresses [299.9505 

(1) (e) (ii) (F)] 

Drainage nets of the leak detection system and the secondary FML 

are expected to experience tensile stresses during placement 

along the sideslopes. Calculations determining the magnitude of 

these stresses are presented in Appendix II, Figures 23 and 24. 

As shown in these calculations, 'stresses within the drainage net 

and 80-mil FML during installation will be expected to be 3. 2 

lb/ in and 1. 3 lb/ in, respectively. These are well below the 

tensile standard of 140 lb/in listed in Standard 54 for 80-mil 

HDPE or the tensile specification of 53 lbjin provided by 

manufacturers of the PN-3000, which is a typical drainage net 

considered for use in the liner. 

The secondary FML may be subjected to puncture stresses due to 

objects that may be present on the native clay soils underlying 

the secondary FML. A D-6 Caterpillar LGP dozer will exert a 

stress on the FML of approximately 7 psi during compaction of the 

overlying 5-foot of compacted clay liner. This stress is less 
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than the 650 psi hydrostatic resistance specification provided 

by various HDPE manufacturers for so-mil HDPE. Consequently, a 

dozer of this size is not expected to damage the FML during 

compaction if operated with care. Puncture also will be avoided 

through careful preparation and inspection of the subgrade prior 

to placement of the FML. 

Elongation of the geomembranes of the leak detectionjsecondary 

liner system may occur due to potential foundation settlement 

following the placement of waste. As shown on calculations in 

Appendix II, Figure 25, these strains are not expected to exceed 

the maximum allowable limit of 10%. 

8.5 Transmissivity of Drainage Nets Under Load 

The minimum transmissivity of geosynthetic drainage layers 

required to facilitate flow for a conservative estimate of fluid 

in the leak detection system has been determined. As indicated 

in calculations presented in Appendix II, Figures 26 and 27, 

transmissivity within drainage nets placed beneath the cell base 

and sideslopes will be approximately 13 cm2;sec, a value 

considerably greater than transmissivity of 0.46 cm2;sec required 

to accommodate design flows in these areas. 

31 



8.6 Construction Requirements [299.9505 (1} (c) (i), 299.9621 

(1) (d) J 

General construction specifications, testing type and frequency 

and responsibilities of various organizations involved in 

construction are included in the Construction Quality Assurance 

Plan document. 

8.7 Pipe Strength [299.9505 (l}(e)(ii)(F}, 40 CFR 264.301 

(a) (2) (i} (B) J 

Calculations performed to determine if the strength of 6-inch 

r : 
L 

diameter HOPE pipe will sustain the load of overlying material 

are presented in Appendix II, Figures 36 and through 39. As 

shown in Figure 39, the weight of the landfill cover, overlying 

refuse, and the granular drainage blanket will result in a pipe 

deflection of 2.0% This value is equal to the maximum 

allowable deflection of 2. 0%, recommended by a manufacturer of 

HOPE pipe. Figure 40 suggests that equipment having a ground 

contact pressure greater than 41.5 psi should not be used within 

a distance of five feet above the upper surface of the granular 

blanket. 
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9. 0 COMPACTED CI.AY IN PRIMARY LINER 

A 5-foot layer of compacted clay will overlie the secondary FML 

and leak detection system. The stability of this compacted clay 

layer has been evaluated to determine minimum shear strengths 

required in the clay. 

9.1 Sliding of the Sideslope Liner 

The potential for sliding of the double liner system along the 

cell sideslopes has been evaluated. This evaluation was 

performed using a computer adaptation of the Modified Bishop 

Method of Slices. In general, the stability of the compacted 

clay with respect to sliding is dependent upon the shearing 

resistance of the 5-foot compacted clay layer, the friction 

characteristics of the double liner system and the geometry of 

the slope. The design slope configuration on which this analysis 

is based is presented in Figure 28, Appendix II. The results of 

this analysis are presented graphically on Figure 29 of Appendix 

II • 

This analysis was based on an assumption that friction along the 

sides lopes was equal to zero. Theoretically, this situation 

could occur if seepage was allowed to accumulate beneath the 

sideslopes. The result of this analysis indicated that the 
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stability of the double liner system could be maintained with an 

acceptable factor of safety (greater than 1.2) if the compacted 

clay layer has a minimum shear strength of 2500 psf. 

Consequently, it is recommended that compacted clay placed along 

cell sideslopes, at the toe of the slope and on the outside face 

of the U-shaped stabilization berm have a shear strength of 2500 

psf. This shear strength requirement also applies to fill placed 

along sideslopes prior to construction of the liner and to 

material used in berm construction. It should be noted that 

accumulation of water and subsequent loss of friction beneath the 

double liner system is unlikely due to the operation of the 

seepage collection system. As discussed in Section 4. 2, the 

seepage collection system consists of wick drains spaced at 50-

foot on center on the cell base, and at 25-foot on center on the 

cell sideslopes. 

9.2 Suitability of Construction Materials 

As shown on Plate l, shear strength and permeability 

requirements of 2500 psf and 1 x 10-7 cmjsec, respectively, apply 

to material used in construction of the clay liner. Both the 

native on-site clay and the I-696 clay may be used in the 

construction of the 5-foot compacted clay liner. However, 

restrictions must be placed on moisture-density requirements for 

both materials so that the above shear strength and permeability 

requirements can be met. 
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As indicated by laboratory test data presented in Table 3, the 

range in moisture content over which the I-696 clay may be placed 

must be restricted in order to achieve the minimum required shear 

strength of 2500 psf., It is recommended that I-696 clay used in 

construction of the 5-foot compacted clay liner be placed at 90% 

compaction and moisture contents ranging between 2% below to 3% 

above optimum, as shown on Plate 1. 

It should be noted that this restriction applies only to the 

portion of the liner placed along cell sideslopes and on the 

outside face of the U-shaped stabilization berm. Clay used in 

constructing the portion of the liner along the inner face of the 

u-shaped stabilization berm and along the base may be placed at 

90% compaction and moisture contents ranging from 2% below to 5% 

above optimum moisture content, as shown on Plate 1. 

As shown on Table 4, Summary of Permeability Test Results, the 

permeability of the native on-site clay exceeds 1 x 10-7 cm;sec 

in samples prepared at 90% compaction and in samples prepared at 

95% compaction with corresponding moisture contents that fell 

below optimum. Since the coefficient of permeability for 

compacted clay used in construction of the 5-foot clay liner 

cannot exceed 1 x 10-7 cm;sec, it is recommended that the native 
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on-site clay placed in all portions of the 5-foot compacted clay 

liner be compacted to 95% of the maximum dry density and moisture 

contents above optimum, as shown on Plate 1. 

9.3 Construction Requirements [299 .. 9620(2) (c), 299.9505 

{l)(b)(viii), 299.9621 (1)(c)] 

General construction specifications, testing type and frequency 

and responsibilities of various organizations involved in 

construction are in the Construction Quality Assurance Plan 

document. 

10.0 PRIMARY FLEXIBLE MEMBRANE LINER [299.9505{1) {c). 40 CFR 

264.301 {a) {1) Cil 1 

10.1 Physical Properties [299.9505 (1) (c) (ii)] 

The FML overlying the 5-foot compacted clay liner in Cell II will 

consist of 80-mil HOPE. Material property data for HOPE is 

provided by the manufacturer of this material. Presently, a 

manufacturer of 80-mil HOPE has not been selected. However, at a 

minimum the FML will have material properties listed in Standard 
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Number 54: Flexible Membrane Liners (NSF 1985) for this 

material. After an HDPE manufacturer has been selected, material 

property data will be submitted. 

10.2 Exposure and Property Retention [299.9505 (1) (c) (i), 

299.9505 (1) (c) (iii)] 

Chemical property data is generally supplied by the FML 

manufacturer. Upon selection of the manufacturer, chemical 

property data will be obtained and evaluated in order to 

determine chemical compatibility of the 80-mil HDPE with the 

landfill environment as required by Rule 299.9505 ( 1) (c) (iii) . 

Any additional chemical data needed to perform this assessment 

will be obtained at this time. 

Measures will be undertaken to avoid exposure of the FML to 

adverse climatic conditions prior to and following installation 

of the FML. The FML will be protected from direct heat and 

sunlight during storage. FML installation will not occur below 

an ambient temperature of l'C (34'F), above an ambient 

temperature of 35'C (95'F), during precipitation or high wind 

events. Following placement of the FML along the base of Cell 

II, a granular blanket will be placed to protect the FML against 
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weathering processes. Drainage net and fabric placed along the 

cell sideslopes will serve as a protective medium for the FML at 

these locations. 

10.3 Storage, Handling and Liner Installation Stresses (299.9505 

(1) (c) (i) J 

During construction of the double liner system, the FML will be 

subjected to stresses resulting from storage, handling and 

installation of the FML. Most stresses related to storage and 

handling of the FML can be minimized by careful adherence to 

construction requirements outlined in the Construction Quality 

c Assurance Plan document. The FML will be stored in an area away 

from heavy traffic and in a location free of excess dust. As 

indicated in the Construction Quality Assurance Plan document, 

appropriate handling equipment will be used when moving rolled or 

folded FML from one place to another. Pulling FML panels along 

the ground will be minimized. 

However, the FML will experience tensile stresses during 

installation on the sideslopes. These stresses will occur while 

the FML is supported only along the slope crest. Calculations 

performed to determine the magnitude of these stresses are 

presented in Appendix II, Figures 23 and 24. As shown in these 

calculations, the FML will experience a tensile stress of 1. 3 
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lb/in during installation. This stress is considerably lower 

than the tensile stress standard of 140 lbjin that is listed in 

Standard 54 for 80-mil HOPE. Therefore, these stresses should 

not result in damage to the FML provided that the FML is securely 

anchored over the length of the slope crest and care is taken not 

to create excessive stretching by sliding sand and waste down 

the sideslope liner during the placement of these materials. 

The FML also will be subjected to additional tensile stresses 

during the placement of the granular drainage blanket of the 

leachate collection system. These stresses will result from the 

type and size of construction equipment used to spread the 

blanket. Track-mounted vehicles such as bulldozers will impart 

much lower contact pressures on the liner than rubber-tire 

vehicles. Thus, track-mounted vehicles are suitable for placing 

and spreading the granular blanket for the leachate collection 

system. 

For example, a D-6 Caterpillar LGP or similar size dozer has a 

ground contact pressure of approximately 7.0 psi. This value is 

essentially the stress that would be imposed on the FML during 

placement of the granular blanket. However, it is much lower 

than the hydrostatic resistance standard specifications of 650 

psi, provided by HDPE manufacturers for 80-mil HDPE. The 

hydrostatic resistance test, ASTM 0751-79 Method A, models a 

39 



'I 

puncturing effect in a reverse fashion. Consequently, a dozer 

of the size described above is not expected to damage the FML 

during placement of the granular blanket if operated with care. 

As an added measure of precaution, the full design thickness of 

the granular blanket should be maintained at all times during 

placement of the granular blanket. Where rubber-tire vehicles 

must be driven over the FML, a thicker layer of protective 

material should be used. A minimum of 24 inches of soil or waste 

cover over the FML is recommended for use under rubber-tire 

vehicles to dissipate additional stresses that these vehicles 

typically will impart on a granular blanket. It is emphasized 

that careful operation of construction equipment near the FML is 

always required. 

10.4 Operational Stresses 

In addition to stresses associated with FML installation, the 

placement of overlying waste will impose stresses on the FML. 

Such stresses may result from disturbance of the FML during the 

waste disposal operations, elongation of the FML following 

potential foundation settlements, and rupture of the FML as a 

result of long term hydrostatic stresses. 
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Disturbance andjor displacement of the granular blanket during 

placement of the lowest 3 to 4 feet of waste mat·erial is a 

potential source of stress associated with waste disposal 

operations. Liner stress could result from movement of granular 

materials across the FML or from equipment coming in contact with 

the FML. Therefore, careful handling of this lowest layer of 

waste will help assure that the granular blanket stays in place, 

thereby providing maximum protection to the synthetic liner. To 

further minimize damage to the FML during filling operations, it 

is recommended that waste be placed as evenly as possible. 

Elongation of the FML following settlement of foundation material 

has been evaluated. Calculations determining the extent of this 

elongation are shown in Appendix II, Figure 25. As shown in 

Figure 25, a conservative assumption that the maximum settlement 

occurs at the toe of the sideslopes (in reality, it would be 

expected to occur near the center of the cell), would result in 

tensile strains of approximately 3% in the FML. By contrast, the 

NSF standard specification for minimum elongation at yield of so-

mil HDPE is 10% and the NSF specification for minimum elongation 

at break is 500%, indicating that elongation due to settlement 

should not result in damage to the FML. 
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The integrity of the FML with respect to potential long-term 

hydrostatic stresses on the liner has also been considered. The 

liner would be subjected to maximum hydrostatic pressure in the 

case (considered unlikely) where the cell is fully saturated to 

the landfill cover and the leak detection system is fully 

operational. In this case, if the entire depth of waste is 

saturated, approximately 60 feet of hydraulic head would impart a 

hydrostatic pressure of 26 psi to the FML. Additionally, the 

total pressure due to saturated waste may reach a value 

approximately twice this level. These pressures are an order of 

magnitude less than the hydrostatic resistance reported by HDPE 

manufacturer's information for the 80-mil material. 

10.5 Construction Requirements (299.9505 

(1) (d), 40 CFR 264303 (a) (1)] 

(1) (c) (i), 299.9621 

Quality control and assurance requirements for installation of 

FML material used in the double liner system are detailed in the 

Construction Quality Assurance Plan document. These 

requirements reflect applicable Act 64 and RCRA regulations as 

well as manufacturer's specifications for handling and placement 

of FML. 
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1LO LEACHATE COLLECTION SYSTEM [299.9505 (1) (2), 299.9619 (4), 

40 CFR 264301 (A) (2)1 

11. 1 Elements [ 299.9619 ( 4) , 299.9505 ( 1) (e) ( i, ii) ] 

The proposed leachate collection and removal system is detailed 

on the engineering design drawings prepared by MCI. It will 

consist of a combination of granular drainage medium, synthetic 

filter/drainage pipes that empty into four leachate collection 

sumps. The granular drainage medium will consist of a 1-foot 

thick blanket of MDOT Class II sand placed over the base of the 

cell. The coefficient of permeability for the Class II sand 

will be a minimum of 1 x lo-2 cmjsec. Geotextile drainage net 

will be placed along the sideslopes of the cells in lieu of the 

granular blanket. Both the drainage net and Class II sand will 

be covered with a synthetic filter fabric. 

Geotextiles in the leachate collection system serve several 

purposes. Filter fabric inhibits the entrance of fine particles 

into the pores of the leachate collection sand blanket. The 

drainage net along the sideslopes allows fluid transmission 

parallel to the plane of the netting and minimizes erosion and 

instability that could occur if sand functions as the sideslope 

drainage medium. 
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Perforated, 6-inch diameter, high density polyethylene (HDPE) 

pipe will be used in the leachate collection system. These pipes 

will be placed along the base of the cell within the Class II 

sand blanket and will have a standard dimension ratio of 7.3 and 

1/4 inch diameter perforations. Each lineal foot of pipe will 

have 2 rows of perforations with individual perforations spaced 

at 4-inch intervals, i.e., 6 holes per lineal foot. Rows will be 

spaced 90" apart. Pipes within the Class II sand will be 

enveloped by MDOT Series 34 open graded aggregate (pea gravel). 

Filter fabric will be placed between the pea gravel and Class II 

sand to inhibit fines from migrating into the pea stone. 

Leachate collection sumps will be constructed of HDPE materials. 

As shown on design plans, and in accordance with Michigan Act 64 

Rule 299.9619 (4), design sumps will accommodate a leachate 

volume of not less than 4000 liters or the quantity expected to 

be generated during a 24-hour, 100-year storm frequency. 

The following subsections evaluate various features of the 

leachate collection system. Evaluations are based on various 

manufacturers' published data for corresponding material 

properties used in the system. Presently, specific manufacturers 

of materials have not been selected. Therefore, it may be 

necessary to re-evaluate certain features of the leachate 
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collection system if properties of materials selected for use 

are substantially different from the assumed properties on which 

these evaluations are based. 

11.2 Pipe Spacing [299.9505(1) (e) (ii) (C-D), 299.9620 (4), 40 CFR 

264.301(a) (2)] 

An evaluation of maximum pipe spacing needed to limit 

hydrostatic head on the FML to less than or equal to 6 inches is 

presented as Figure 30 of Appendix II. This calculation suggests 

that the maximum length of flow in the drainage blanket to the 

nearest collection pipe should not exceed 110 feet. However, an 

evaluation of the transmissivity of the drainage blanket 

indicates pipes should not be spaced at greater than 48 feet. As 

shown on design plans, lateral collector pipes are therefore 

spaced at 45-foot intervals. This spacing will prevent the 

hydrostatic head from exceeding the 6-inch limit and allow the 

leachate collection system to meet transmissivity requirements 

discussed in Section 11.3. 

Calculations in Figure 30 are based on a design infiltration rate 

of 2.3 x 10-6 cmjsec resulting from a water balance calculation 

presented in Figure 31 of Appendix II. This infiltration rate 

corresponds to a situation where an unvegetated intermediate 

cover overlies refuse. 
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11.3 Minimum Allowable Transmissivity [299.9505 (1) (e) (i)] 

In addition to maximum allowable head buildup on the FML, minimum 

allowable transmissivity within the leachate collection system is 

another factor that governs the spacing of lateral drains. 

Calculations evaluating the transmissivity of the drainage net 

along cell sideslopes and Class II sand along the base are 

presented in Appendix II, Figures 32 through 35. Figure 32 

suggests that a transmissivity of 0. 34 cm2;sec is needed to 

transmit design flows. However, as shown in Figure 32, the 

transmissivity of the Class II sand is approximately 0.15 

cm2jsec. Therefore, reduction of maximum pipe spacing is 

necessary to achieve the required transmissivity needed to 

accommodate design flows. As indicated in Figure 3 3, lateral 

drains spaced at approximately 48 feet along the base of Cell II 

will provide effective drainage. As shown on design plans, pipes 

will be spaced at 45-foot intervals. 

As shown in Figure 22E, the minimum required transmissivity of 

the drainage net along the sideslopes is approximately 3.5 x 10-5 

m2;sec, approximately equal to the available transmissivity 

values reported by manufacturers of drainage net materials. 

Therefore, such material will effectively transmit design flows 

along the sideslopes. Figure 35 indicates that compression of 
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drainage nets that would result in unacceptable reduction in 

transmissivity should not occur under the weight of refuse in 

Cell II. 

11.4 Pipes Minimum Design Slope and Pipes Perforation Size 

[R299.9505 (1) (e) (ii) (C)] 

Calculations performed to determine if the minimum design slopes 

of the leachate collection pipes are adequate to transmit 

infiltration entering the-landfill are presented in Appendix II, 

Figure 41. These calculations are based on the design 

infiltration rate of 2.3 x 1o-6 cmjsec presented in Figure 31. 

As shown in Figure 41, the minimum pipe slope required to 

transmit the maximum volume of leachate expected to be generated 

in the landfill is 0.13%, less than the proposed pipe slopes for 

the landfill. 

Pipe perforation diameter has been evaluated to determine if 

perforations are large enough to accommodate anticipated design 

flows. Such an evaluation is made by calculating the entrance 

velocity of a flow entering the pipe. Entrance velocities 

exceeding 0.1 ftjsec suggest that perforation diameters are not 

large enough to accommodate design flow. As shown on Figure 42, 

Appendix II, entrance velocities do not exceed the limit of 0.1 

ftjsec and the related pipe perforation diameters are adequate. 
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11.5 Filter Requirements [299.9505 (1) (e) (iii), 40 CFR 264.301 

(a) (2) (ii)] 

Filter criteria for pea gravel/collection pipe and Class II 

sand/drainage fabric interfaces have been evaluated. This 

evaluation is presented on Figure 43 of Appendix II. Filter 

criteria was used to examine the effectiveness of drainage fabric 

in transmitting leachate to the collector pipes as well as the 

potential for pea gravel to enter and clog the collector pipes. 

As shown in Figure 43, the relative size of pipe perforations 

with respect to the grain size of pea gravel should preclude pipe 

clogging. Calculations also show that the minimum permeability 

of filter fabric used in the drainage system should be at least 

0.1 cmjsec. 

11.6 Chemical Compatibility [299.9505 

264.301 (a) (2) (i) (A)] 

(1) (e) (ii) (E), 40 CFR 

At this time, manufacturers of geosynthetics and pipes intended 

for use in the leachate collection system have not been 

selected. Following selection of a manufacturer, chemical 

property data for products used in the leachate collection system 

will be compiled and evaluated in order to assess chemical 

compatibility with the landfill environment. Any additional 
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property data required to evaluate the integrity of components 

of the leachate collection system will also be obtained. at this 

time. 

12.0 CONSTRUCTION REQUIREMENTS FOR THE LEACHATE COLLECTION SYSTEM 

General construction requirements for the leachate collection 

system are included in the Construction Quality Assurance Plan 

document. 

13.0 FML QUALITY CONTROL AND ASSURANCE 

The FML Installer 

high density HDPE 

(FMLI) shall install both the 80-mil thick 

secondary liner and the 80-mil thick HDPE 

primary liner. Both the primary and secondary liners shall be 

restrained at their upper edges at an anchor trench, with all 

trenches to be dug with a backhoe by the EWC. Seaming shall be 

accomplished using an extrusion-fusion type weld with a minimum 

sheet overlap of 4 inches at all seams. Extrusion-fusion type 

welding involves the use of a heat gun to heat the surface of the 

HDPE and extrude liquid HDPE that bonds individual panes. 

The FMLI will also conduct its own quality control program which 

consists primarily of three parts: material testing at the point 

of manufacture, in-place seam integrity testing and destructive 
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testing of seams. The CQA Officer shall appoint an independent 

testing engineer (ITE) to inspect the installation of the FML and 

to ensure that the FML quality control and quality assurance 

program outlined in this document is adhered to. Inspection 

performed by the ITE will supplement the FMLI's quality control 

program. The ITE will provide the CQA with information needed 

for the CQA to certify that it has been placed in accordance with 

cell engineering design plans. 

13.1 FML Quality 

13.1.1 Raw Material 

a. The FML must be manufactured of first quality newly 

produced materials. The use of reclaimed polymers and 

other materials is not permitted. Recycling of 

materials containing reinforcing scrim is not 

permitted. Recycling of materials that do not contain 

scrim is permitted. 

b. The following documentation relating the FML raw 

material quality must be provided by the FMLI. 

A statement identifying the origin of raw 

materials. 
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A copy of the quality control certificates issued 

by the producer of raw materials. 

Reports on tests conducted to verify the quality 

of the raw materials. 

13.1.2 Manufactured Rolls and Blankets 

a. FML blankets or rolls must be designed and manufactured 

specifically for the purpose of fluid containment. 

b. 

c. 

d. 

The FML must be free of holes, blisters, undispersed 

raw materials, and any sign of contamination of foreign 

matter. 

The FML used as the secondary liner must be a minimum 

of so-mils thick. 

The FML used as the primary liner must be a minimum of 

SO-mils thick. 

e. The SO-mil FMLs will have the material properties 

listed in Standard 54 of the National Sanitation 

Foundation (NSF) for HDPE material. 
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f. The following documentation relating to quality of 

manufactured FML rolls and blankets will be provided by 

the FML manufacturer: 

Material Property Sheets These sheets will 

pertain to the FML to be used for the project and 

will contain results of tests to verify compliance 

with the minimum acceptable standard properties 

specified by Standard 54 of the NSF. The sheet 

must also provide any minimum properties 

guaranteed by the FML manufacturer and indicate 

the test method used. 

Quality Control Certifications - Certificates will 

pertain to rolls or blankets of material delivered 

to the site and will be signed by a responsible 

party employed by the FML manufacturer such as 

production manager. 

Each roll or blanket will be identified by a 

unique manufacturing number. 

13 .1. 3 Factory Seaming - If factory seaming is performed, 

the FMLI will provide documentation of seaming conditions 

and the test results of factory seams. 
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:).'3. 2 Packaging, storage and Handling of FML Prior to 

Installation 

FML rolls or blankets must be packed and labeled prior to 

shipment to the site. The label must indicate the FML 

manufacturer, type of FML, thickness, and roll or blanket 

number. 

When transported to the site, FML rolls or blankets must be 

handled by appropriate means so that; no damage is caused. 

Wooden cases must be strong enough to withstand impacts and 

rough handling without breaking or splintering. 

The FML must be protected from direct sunlight and heat to 

prevent degradation of the FML material and adhesion between 

individual whorls of a roll or layers of a blanket. 

Adequate measure must be taken to keep FML materials away 

from possible deteriorating sources. 

on site, the FML will be stored in an area away from heavy 

traffic. 

Appropriate handling equipment must be used when moving the 

rolled or folded FML from one place to another. 
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~3.3 Preparation of Subgrade 

The subgrade for the secondary FML will consist of 

compacted clay fill, where necessary, along the base and 

sideslopes of Cell II shaped according to the subgrade 

plans. 

The subgrade for the primary FML will consist of the 5-foot 

compacted clay primary liner overlying the secondary FML and 

the leak detection system. 

Subgrades below the FML will be graded to eliminate 

protruding stones and deleterious materials. 

design grade elevations of more than 

unacceptable. 

Deviation in 

0.2 feet are 

The upper three inches of the layer must not contain 

protruding stones larger than 2 inches in diameter. Large 

stones will be removed by hand at the time of fill placement 

and preparation of cut slopes where applicable. 

A smooth steel drum, pneumatic roller or other approved 

piece of equipment will be used to free subgrade surfaces of 

irregularities, loose earth and abrupt changes in grade. 
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, No FML may be placed in ponded precipitation or in any area 

which has become softened by precipitation. 

The CQA Officer will make provisions for material, 

personnel and equipment needed to prepare and maintain an 

acceptable subgrade surface. 

13.4 Installation of FML 

13.4.1 General Installation 

a. FML rolls or blankets may be cut into panels, a unit 

area of membrane which is to be seamed. Individual 

panels will be designated a panel number. Instruction 

on the boxes or wrapping containing the FML materials 

must be followed to assure the panels are unrolled or 

unfolded in the proper direction for seaming. Care 

must be exercised to not damage the FML during this 

operation. All workers must wear shoes which will not 

damage the FML . 

b. FML panels will be placed according to FML layout 

drawings prepared by the FMLI prior to placement. The 

drawings must indicate the panel configuration and 

locations of seams. Field seams should be 
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c. 

d. 

differentiated from factory seams (if any). In 

general, seams should be oriented parallel to line of 

maximum slope. In corners and odd shaped geometric 

locations, the total length of field seams should be 

minimized. No horizontal seams should be placed at the 

toe and should be a minimum of 1.5 m (5 feet) away from 

the toe of the slopes. 

Pulling FML panels will be minimized to reduce 

permanent tension. 

The following precautions will be taken to minimize the 

risk of damage by wind during panel placement. 

No more than one panel should be unrolled prior to 

seaming (unless otherwise authorized by the 

installer). 

FML panels will be secured to prevent uplift by 

the wind during placement. sand bags, tires or 

any other means which will not damage the FML will 

be used to secure it. Along the edges, 

loading must be continuous to avoid possible wind 

flow under the panels. 
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e. Any panel which becomes seriously damaged (torn or 

twisted permanently) must be replaced. Less serious 

damage must be repaired according to Section XII-F. 

f. FML placement must not proceed at an ambient 

temperature below l"C (34"F) or above 35"C (95"F) 

unless approved by the FMLI and CQA Officer. 

g. FML placement must not occur during precipitation 

events. 

13.4.2 Installation Around Appurtenances 

a. The FML must be installed around the leachate 

collection manhole and an FML sleeve must initially be 

installed around the HOPE manhole riser. After the FML 

has been placed and seamed, the final ·field seam 

connection between the sleeve or shield and the FML 

liner must be completed. A sufficient initial overlap 

of the sleeve must be maintained so that shifts in 

locations of the FML can be accommodated. 

b. All clamps, clips, bolts, nuts or other fasteners used 

to secure the FML around each appurtenance must be made 

of stainless steel material. 
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~3.5 Field Seaming and Testing 

13.5.1 General Requirements 

a. Panels shall be overlapped a minimum of 4 inches (100 

mm). 

b. 

c. 

d. 

e. 

Prior to seaming, the seam area must be cleaned of 

dust, dirt, debris of any kind, and foreign materials. 

Seaming products shall be formulated in accordance with 

the FML manufacturer's specifications. 

Seaming will be performed under favorable weather 

conditions. 

Seaming on horizontal surfaces must commence at the 

center of a panel side and proceed to either side (if 

possible) in an effort to reduce wrinkle and subsequent 

fishmouths at the seam interface. Seaming shall extend 

to the outside edge of panels. 

f. If the supporting soil is soft, a firm substrate must 

be provided by using a board or similar hard surface 
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directly under the seam overlap to effect proper 

rolling pressure. 

g. No loose flap of FML will be permitted on the upper 

h. 

surface of the completed installation. 

Fishmouths or wrinkles at the seam overlaps must be cut 

along the ridge of the wrinkle back into the panel so 

as ,to effect a flap overlap. The cut fishmouths or 

wrinkles must be seamed and then patched with an oval 

or round patch of the same general FML extending a 

minimum of 6 inches (150 mm) beyond the cut in all 

directions. The patch must be bonded over its entire 

perimeter. 

13.5.2 Start-up Field Test Seams 

a. Test seams must be performed to verify that seaming 

conditions are adequate. Test seams shall be conducted 

at least two times each day (at the beginning of the 

morning and the beginning of the afternoon) for each 

seaming method used that day. Test seams will be 

performed under the same conditions that panel seams 

are performed. Per ASTM 04437, the test seams must be 

at least 10 feet (3 m) long. 
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c. 

Specimens must be cut from the test seam. A 2-inch 

wide strip will be cut perpendicular to · the seams. 

Specimens will be tested for shear strength by manually 

pulling each end of the strip. Test seams will be 

tested for peel strength by manually pulling the flap 

on the underside of the strip, away from the strip. If 

the test seam fails, an additional test seam shall 

immediately be conducted. If the additional test seam 

fails, the seaming equipment or product must be 

rejected and not used for production seaming until the 

deficiencies are corrected and a successful test seam 

is produced. 

A sample from each test seam must be retained and 

labeled with the date, ambient temperature, number of 

seaming unit, seamer, and pass or fail description. 

One half of the sample must be. given to the FMLI and 

the other shall be retained by Ford. 

13.5.3 Non-destructive Field Seam Testing 

a. All field seams must be non-destructively tested over 

their length. Each seam must be numbered or otherwise 

designated. The installer shall document the results 

of the non-destructive testing. 
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b. Testing must be done as the seaming progresses, not at 
~ 

c. 

d. 

the completion of all field seaming. All defected 

found during testing must be numbered and marked 

immediately after detection. All defects found must be 

repaired, retested and remarked to indicate completion 

of the repair acceptability. 

All seams shall be fully tested by vacuum test methods, 

except as noted in Item 4 below. 

Al' seams in special locations must be non

destructively tested if the seams are accessible to 

testing equipment. If any seam cannot be non-

destructively tested, that seam must be observed by the 

CQA or his representative for uniformity and 

completeness and shall be so documented by the CQA. 

13. 5. 4 Oestructi ve Laboratory Seam Testing - Destructive 

seam testing shall be performed at a minimum of one 

destructive test per 350 feet of field seam length at 

locations to be determined by the CQA Officer. The samples 

shall be 16 inches wide by 24 inches long. One-half of the 

sample will be retained by the CQA Officer or his 

representative and one-half will be retained by the FMLI. 

The FMLI will perform five laboratory tests for shear and 

peel strength on specimens cut from the seam sample. Four 
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of the five replicate test results must pass the material 
~ 

specification requirements of the NSF Standard 54. Results 

of destructive testing shall be supplied to the CQA_ or his 

representative. In the event of destructive test failures, 

the FMLI shall determine the length of seam failure to 

the satisfaction of the CQA Officer or his representative. 

The area of failure must be reseamed or cap stripped. Test 

methods shall be: Shear Strength Test ASTM 0816-Method B; 

Peel Strength Test ASTM 0413-Method H, or ASTM 0816-Method 

c;-

13.6 Repair of Defects 

All seams and non-seam areas of the FML must be inspected 

for identification of defects, holes, blisters, undispersed 

raw materials and any sign of contamination by foreign 

matter. 

The surface of the FML shall be clean prior to use. 

Sweeping andjor washing of the FML surface is required if 

the amount of surface dust or mud inhibits inspection. 

Repairs will be made in non-seam areas having defects, 

holes, blisters, undispersed raw material or any sign of 

contamination and on seams that have failed non-destructive 

testing. 
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~ Defective seams must be repaired by reseaming or applying a 

cap.,-strip. Tears or pinholes must be repaired by patching. 

Blisters, larger holes, undispersed raw materials, and 

contamination by foreign matter shall be repair by patches. 

Each patch must be numbered. patches must be round or oval 

in shape, made of the same generic FML and extend a maximum 

of 6 inches (150 mm) beyond the edge of defects. 

Cap-strips must be at least 3 inches (75 mm) wide and must 

be centered over the completed seam edge. Cap-strips must 

be of the same generic FML material as the liner. 

The thickness of cap-strip material used on the secondary 

FML must be at least 60 mils. The thickness of cap-strip 

materials used on the primary FML must be at least 80 mils. 

Each repair must be non-destructively tested using the 

methods described in Section 13.5. Tests which pass the 

non-destructive tests are taken as an indication of an 

adequate repair. Failed tests must be reseamed and retested 

until a passing test results. The results of all non

destructive testing performed on cap-strips must be 

documented. 
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13.7 Qualifications and Responsibilities of the FMLI 

The FMLI must be trained and qualified to install 80-mile 

HDPE synthetic liners. 

To demonstrate the necessary training and qualifications, 

the FMLI must provide to Ford the following information 

about at least three previous projects: name and purpose of 

the project; location; date; names of owner, designer and 

manufacturer; leader of the installer's crew; type of FML; 

thickness of FML; surface area; type of seaming; duration of 

installation; and available written information on the 

performance of the project. 

FMLI personnel involved in field seaming operations must be 

qualified by experience or by successfully passing seaming 

tests. 

At least one seamer must have experience seaming at least 

100,000 square meters (1.07 million square feet) of an FML 

of the same generic type as the FML used for the project 

using the same type of seaming method. This master seamer 

must provide direct supervision over apprentice seamers. 
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Apprentice seamers must be qualified by attending training 

sessions taught by the master seamer and performing at least 

two successful seaming tests under similar weather 

conditions using the seaming method used for production 

seaming. 

The FMLI must provide to Ford documentation indicating that 

the personnel involved in field seaming operations have 

experience and qualifications as outlined in Items 3 to 5 

above. 

The FMLI will be responsible for receipt, inspection and 

handling of FML materials as well as testing and repairing 

the FML when necessary. 

The FMLI will provide to the CQA all documents relating to 

the quality of FML raw materials as well as manufactured 

rolls or blankets. The FMLI will provide the CQA with the 

following information: 

a. A statement identifying the origin of the raw 

materials. 

b. Quality control c~rtificates issued by the producer of 

the raw materials. 
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c. Reports on tests conducted to verify the quality of raw 

materials. 

Upon arrival of the FML at the site, the FMLI will 

inspection all material for defects in manufacturing. 

The FMLI must ensure that the following information is 

provided for rolls or blankets of FML material arriving on 

site: 

a. material property sheets 

b. quality control certificates 

The FMLI must ensure that each FML roll or blanket arriving 

on site is labeled with the following information: 

a. FML manufacturer 

b. type of FML 

c. thickness of FML 

d. roll or blanket number 
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~ The FMLI must provide the CQA and the ITE a layout drawing 

of the proposed FML placement pattern and seams prior to FML 

placement. 

The FMLI must inspect each FML panel for defects following 

placement and prior to seaming. 

The FMLI must verify that the weather condition are 

acceptable for seaming. Ambient temperature and liner 

temperature will be recorded by the FMLI hourly during 

liner installation and field seaming. 

The FMLI must provide suitable seaming equipment and 

products needed for seaming operations. 

The FMLI will perform FML placement, seaming, test seaming, 

non-destructive testing and repairing acc6rding to 

procedures as outlined in Subsections D through F of this 

section. 

The FMLI will record the following information for all non-

destructive seam testing that is performed: 

a. location of non-destructive testing 
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b. date 

c. test unit 

d. name of tester 

e. result of testing 

The FMLI will record all information included under above 

item for non-destructive seam testing performed on all 

repairs. 

The FMLI must retain a sample from each test seam and label 

it with the date, ambient air temperature, number of seaming 

unit, name of seamer, and result of test. 

The FMLI must provide to Ford daily. reports including the 

following information: 

a. total amount and location of FML placed 

b. total amount of seams completed and seaming units used 

c. changes in layout drawings 
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d. results of test seams 

e. location and results of non-destructive testing 

f. locations and results of repairs 

g. location of and results of destructive seam testing, if 

performed 

h. acceptance of subgrade 

Responsibilities of the ITE 

The ITE or his representative will observe and document all 

field seaming operations including weather conditions, FML 

cleaning, overlaps, rate of seaming, names of seamers and 

seaming units used. He will also be, on site to observe and 

document other phases of FML installation. 

The ITE or his representative will also observe and document 

the phases of the FML installation that will include but not 

be limited to: 

a. Acceptability of subgrade preparation prior to the 

installation of the FML. 
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b. Observations of test seams and non-destructive seam 

testing. 

c. Observations of repairs and testing including 

d. 

locations, name of repairer and seaming equipment of 

product used. 

Observations of seams around appurtenances and 

connections to appurtenance. 

e. The above observations will be communicated to the CQA 

Officer through the submittal of a daily field report. 

14.0 CONSTRUCTABILITY OF THE CELL AND DOUBLE LINER SYSTEM 

14.1 Suitability of Materials 

Results of laboratory testing performed on both the native on-

site clay and the I-696 clay indicate that these materials meet 

the compaction, moisture, permeability and strength requirements 

for use in the double liner system and in the preparation of Cell 

II. Material used in the preparation of Cell II will be placed 

in the compacted clay subbase, U-shaped stabilization berms, 
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perimeter berms and sideslope fill. Material used in the 

construction of the double liner system will comprise the 5-foot 

compacted clay layer. 

14.1.1 ON-SITE CLAY - Laboratory test data for native on-site 

clay presented in Tables 1, 2 and 4 suggest that this material 

may be used in either construction of the 5-foot compacted clay 

liner or in the preparation of Cell II. As shown on Table 4, 

the permeability of this material exceeds 1 x 10-7 cmjsec in 

samples prepared at 90% compaction and in samples prepared at 95% 

compaction and moisture contents below optimum. As indicated in 

Section 9.0 of this document, the permeability of material used 

in the double liner system cannot exceed 1 x 10-7 cmjsec. 

Therefore, it is recommended that any native on-site clay used in 

the construction of the 5-foot compacted clay liner (along side 

slopes or inside stabilization berms) should be compacted to 95% 

of the maximum dry density and at moisture contents above 

optimum. On the other hand, if this material is used in the 

construction of the compacted clay subbase, u-shaped 

stabilization berms, side berms or in the placement of sideslope 

fill, compaction to 90% of maximum dry density and at moisture 

contents ranging from 2% below to 5% above optimum will be 

adequate. 
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I~ should be noted that native on-site clay has been used in the 
• 

construction of the Cell I Final Cover. During placement of the 

cover, NTH measured in-place dry density and moisture content of 

the compacted clay using a nuclear densometer (AS~M 01557). 

Field Density Test Report dated 6/18/87 and submitted by NTH 

indicated that compaction of 95% and moisture contents above 

optimum is achievable in the field using D-6 and D-8 equipment. 

14 .1. 2 I-696 CLAY - Laboratory test data for the I-696 clay 

presented in Tables 1, 3 and 4 suggest that this material may be 

used in either construction of the 5-foot compacted clay liner or 

in the preparation of Cell II. As shown on Table 3, shear 

strengths of this materials are less than 2500 psf in samples 

prepared at moisture contents of 5% above optimum. As indicated 

in Section 9.0 of this document, a minimum shear strength of 2500 

psf is required of material placed in the 5-foot compacted clay 

layer on cell sideslopes, on fill placed on all sideslopes, in 

the u-shaped stabilization berm and in the side perimeter berm. 

Therefore, it is recommended that I-696 clay used in the areas be 

placed at 90% compaction and moisture contents ranging between 2% 

below to 3% above optimum. I-696 clay placed in all other 

portions may be placed at 90% compaction and moisture contents 

ranging from 2% below to 5% above optimum. 
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I~ should be noted that I-696 clay has been used in the 

construction of the Cell I Final Cover. During placement of the 

cover, NTH measures in-place dry density and moisture content of 

the compacted clay using a nuclear densometer (ASTM 1557). Field 

density test reports prepared by NTH during the spring of 1987 

indicate that compaction and moisture content requirements are 

achievable in the field using D-6 and D-8 equipment. 

14.2 Suitability of Construction Methods 

It is anticipated that construction activities will proceed in a 

manner that will ensure the integrity of the Cell II double liner 

system. As indicated in the Construction Quality Assurance Plan 

dated June 24, 1988, field testing will be performed at regular 

intervals to ensure that specified moisture/density requirements 

are met. As stated in the above section, field moisture/density 

testing performed on native on-site clay and I-696 clay placed in 

the Cell I cover demonstrates that moisture/density requirements 

can be met with existing construction equipment. 

The Construction Quality Assurance Plan also contains provisions 

for regular determinations of the permeability and shear strength 

of the compacted clay material. Also, provisions are included in 

the Plan for the removal of ,deleterious material prior to 
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placement of the clay to ensure that field moisture/density, 

permeability and shear strength of the compacted clay are not 

adversely affected. 

It is anticipated that construction equipment used in the 

construction of the double liner system will not damage 

components of the double liner system. Throughout this document, 

provisions have been made to protect various liner components 

during construction. Low ground pressure equipment is specified 

to prevent damage to underlying geosynthetics during the 

placement of the 5-foot compacted clay liner and the granular 

blanket of the leachate collection system. In addition, quality 

control procedures specify that the first lift of material placed 

have a loose thickness of 18-inches to protect underlying 

geosynthetics. Loose thicknesses of subsequent lifts are 

specified at 9 inches to ensure uniform compaction throughout the 

liner and adequate bonding between lifts .. Finally, as indicated 

in Section 8.3 of this document, the results of a previous test 

fill performed at another site using a similar liner design 

demonstrate that earth moving equipment and proposed construction 

methods are not expected to damage underlying geosynthetics or 

cause excessive stresses during construction of the double liner 

system. 
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CONSULTING ENGINEERS AND GEOLOGISTS 

38955 HILLS TECH DRIVE • FARMtNGTON HILLS, Ml48018 

DAlE: ?·?O·f')e, 
PROJEcT NO.:e,w741cvJIOIUWN BY: 

SCALE: - 1../tJ fi:AU! 0tECKED fff: M ISOEET '*' 
~ Alt::- 1 
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SOURCE 

SAMPLE 

DESIGNATION 

ON-SITE: 

Bag 1 
6/12/86 

Bag 2 
6/12/86 

ST-1 
6/18/86 

ST-2 
6/18/86 

ST-3 
6/18/86 

Bag 1B 
6/86 

Bag 2B 
6/86 

Bag 1C 
4/10/87 

Bag 2C 
4/10/87 

TABLE 1 

CHARACTERISTICS OF 

MODIFIED PROCTOR RESULTS 

MAX. DRY OPTIMUM 
DENSITY MOISTURE CONTENT 
(lbjft3 ) {%) 

125.7 12.0 

123.2 12.8 

--- --

--- --

--- --

129.7 10.4 

129.1 9.2 

121.5 11.1 

113.6 14.9 

CLAY SOURCES 

I 
CHARACTERISTICS 

I 
% PASSING LIQUID PLASTICITY 
200 SIEVE LIMIT INDEX 

82.8 31 14 

99.2 31 12 

98.8 34 19 

86.5 37 18 

9~.4 34 19 

71.0 21 8 

88.0 31 14 

99.2 31 12 

99.6 31 16 
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SOURCE 

SAMPLE 

DESIGNATION 

I-696: 

Bag 1C 
4/10/87 

Bag 2C 
4/10/87 

Bag 5 
7/31/86 

Bag 8 
8/13/86 

Bag 10 
9/04/86 

Bag 13 
11/3/86 

TABLE 1 (cont.) 

CHARACTERISTICS OF CLAY SOURCES 

MODIFIED PROCTOR RESULTS 

I 
CHARACTERISTICS 

I 
MAX. DRY OPTIMUM % PASSING LIQUID PLASTICITY 
DENSITY MOISTURE CONTENT 200 SIEVE LIMIT INDEX 
(lbjft3) (%) 

132.6 10.4 72.3 29 14 

131.6 10.3 65.4 28 13 

131.4 8.0 64.4 25 9 

130.6 10.0 70.2 27 12 

120.2 13.6 -- -- --
--- -- 68.5 26 11 
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SAMPLE 
NUMBER 

lA 
2A 
3A 
4A 
SA 
6A 
7A 
SA 
9A 

lOA 
11A 
12A 
13A 
14A 
15A 
16A 
17A 
18A 
19A 
20A 
21A 
22A 
23A 
24A 

RESULTS 

DRY 
DENSITY 
(lb/ft3) 

119.7 
119.2 
119.9 
120.2 
102.5 
120.2 
120.4 
120.2 
120.7 
112.1 
112.8 
112.7 
115.4 
115.4 
115.7 
119.6 
119.7 
119.3 
114 .o 
113.7 
114.1 
110.7 
110.9 
110.7 

.---, 

TABLE 2 
OF LABORATORY STRENGTH TESTING - NATIVE ON-SITE CLAY 

% OF MOISTURE COMPARISON UNCONFINED UNDRAINED STRAIN MODIFIED CONTENT TO OPTIMUM COMPRESSIVE SHEAR 
FAILURE PROCTOR MOISTURE STRENGTH STRENGTH MAXIMUM (%) CONTENT (%) (psf) (psf) (%) 

93 15.1 +5.9 7400 3700 19.0 92 15.3 +6.1 9354 4677 17.6 93 14.9 +5.7 8544 4272 19.4 93 14.9 +5.7 8738 4369 19.4 93 14.6 +5.4 8212 4106 19.4 93 14.7 +5.5 8074 4037 19.4 93 14.5 +5.3 7716 3858 19.4 93 14.7 +5.5 8324 4162 19.4 93 14.3 +5.1 8654 4327 19.4 87 12.5 +3.3 8042 4021 3.5 87 12.1 +2.9 7214 3607 4.4 87 11.9 +2.7 7116 3558 3.5 89 12.0 +2.8 8348 4174 2.6 89 12.0 +2.8 9510 4755 4.4 90 11.9 +2.7 8198 4099 4.4 93 11.7 +2.5 12672 6336 6.2 93 11.6 +2.4 10884 5442 5.3 92 11.9 +2.7 10884 5442 5.3 88 17.4 +8.2 2264 1132 19.4 88 17.7 +8.5 1714 857 19.4 88 17.3 +8.1 2046 1023 19.4 86 18.7 +9.5 1106 553 19.4 86 18.6 +9.4 1162 581 19.4 86 18.7 +9.5 1162 581 19.4 
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SAMPLE 
NUMBER 

1A 
2A 
3A 
4A 
5A 
6A 
7A 
SA 
9A 

1B 
2B 
3B 
4B 
5B 
6B 
7B 
SB 
9B 

1C 
2C 
3C 
4C 
5C 
6C 
7C 
sc 
9C 

1D 
2D 

~ 

,-

RESULTS OF 

DRY % OF 

DENSITY MODIFIED 

(1b/ft3 ) PROCTOR 
MAXIMUM 

115.2 86.9 
115.9 87.4 
115.9 87.4 
122.3 92.2 
122.5 92.4 
122.4 92.3 
125.3 94.5 
125.5 94.7 
125.8 94.9 

123.2 . 92.3 
123.2 93.0 
123.1 92.8 
125.8 94.9 
126.0 95.0 
126.0 95.0 
126.7 95.5 
126.8 95.6 
127.0 95.7 

115.6 87.8 
116.6 88.6 
117.8 89.5 
124.5 94.6 
124;7 94.8 
125.2 95.1 
115.4 87.7 
115.6 87.8 
116.0 88.2 

118 .o 89.0 
117.9 88.9 

TABLE 3 
LABORATORY STRENGTH TESTING - I-696 ClAY 

MOISTURE COMPARISON UNCONFINED UNDRAINED STRAIN 
CONTENT TO OPTIMUM COMPRESSIVE SHEAR 

FAILURE 
(%) MOISTURE STRENGTH STRENGTH (%) CONTENT (%) (psf) (psf) 

8.8 -1.6 5940 2970 1.8 
8.5 -1.9 6710 3355 1.8 
8.4 -2.0 7940 3970 1.8 
8.8 -1.6 8910 4455 1.8 
9.0 -1.4 9680 4840 1.8 
8.8 -1.6 10610 5305 1.8 

10.0 -0.4 11430 5715 4.5 
10.0 -0.4 12520 6260 4.5 

9.9 -0.5 18260 9130 5.4 

10.2 -0.2 10060 5030 3.6 
10.4 0.0 9730 4865 3.6 
10.4 0.0 11850 5925 4.5 
10.4 o.o 16720 8360 4.5 
10.4 0.0 16024 8012 4.5 
10.3 -0.1 15240 7620 4.5 
10.4 0.0 14400 7200 5.4 
10.5 +0.1 15160 7580 4.5 
10.5 +0.1 14690 7345 4.5 

11.1 +0.8 9920 4960 2.7 
10.7 +0.4 10510 5255 1.8 
9.4 -0.9 10260 5130 2.2 

13.0 +2.6 10190 5095 19.6 
12.9 +2.5 11180 5590 19.6 
12.5 +2.1 10300 5150 19.6 
15.6 +5.2 2050 1025 19.6 
15.9 +5.5 2320 1160 19.6 
15.6 +5.2 2570 1285 19.6 

15.6 +5.2 1640 820 15.6 
15.6 +5.2 2050 1025 19.6 
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• 

SUMMARY OF PERMEABILITY TEST RESULTS - CLAY SOILS 

SAMPLE SOURCE TESTING % MOISTURE COMPARISON TO PERMEABILITY 
DESIGNATION & DEVICE COMPACTION CONTENT OPTIMUM MOISTURE COEFFICIENT 
DATE COLLECTED (%) CONTENT (%) x1o-7 cm;sec 

ON-SITE: 

Bag #1 (1) 89.8 10.4 -1.6 0.98 
6/12/86 90.4 11.9 -0.1 0.84 

90.9 16.3 +4.3 0.98 
94.8 10.2 -1'. 8 0.55 

' 95.3 11.5 -0.5 0.38 
95.3 16.4 +4.4 0.08 

Bag #2 (1) 90.1 10.5 -2.3 1.20 
6/12/86 90.4 12.6 -0.2 1.30 

90.1 17.0 +4.2 0.07 
94.8 10.1 -2.7 0.66 
95.0 12.7 -0.1 0.94 
95.0 17.0 +4.2 0.05 

Bag #1C (1) 90.6 16.0 +4.9 3.60 
4/10/87 95.4 10.6 -0.5 1. 80 

94.0 16.4 5.3 0.10 

I-696: 

Bag #lC (1) 90.1 9.8 -0.6 2.30* 
4/10/87 90.7 9.9 -0.5 0.77 

89.6 16.2 +5.8 0.12 
90.2 9.0 -1.4 0.47 

Bag #5 90.0 6.0 -2.0 0.60 
7/31/86 90.0 8.0 0.0 0.82 

90.0 13.0 +5.0 0.09 
95.0 6.0 -2.0 0.42 
95.0 8.0 0.0 0.47 
95.0 13.0 +5.0 0.53 

Bag #28 90.0 9.3 -0.5 0.61 
5/2/87 90.4 7.6 -2.2 0.48 

90.0 14.2 +4.4 0.07 

Bag #28 90.1 8.9 -2.2 0.46 
90.2 10.6 -0.5 0. 21 
92.1 15.0 3.9 0.08 

(*) Test rerun and gave a value of 0.77 
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APPENDIX I • 

SUPPLEMENTAL SUBSOIL INVESTIGATION DATA 

Test Boring Location Plan . . . Plate 1 

General Notes • • • • . . Exhibit 1 

Logs of Test Borings: TB-1 and TB-2 Figures 1 & 2 

Log of Groundwater Monitoring Well No. MW-1 Figure 3 

Tabulation of Test Data Sheet • . . Figures 4 & 5 

Field Vane Shear Test Reports • . . Figures 6 - 10 

Consolidation Test Results . . . .. Figure 11 



'' 
' 

,, 

[ 

I 
ID 

I 
L 
I 
G 

u 
G 
, 

(jj t -,-

~ • 

' 



r 

[ 

L 
l 

NEYER, TISEO & HINDO, lTD. 

GENERAL NOTES 

TERMINOLOGY 

Unleu Olhei'MM noted, Ill '"""" u11lized hereon roter to lhe Standard Oefinrtoons prnented 1n ASTM 0 653. 

PARTICU! SIZES 

Greater than t 2 inches (305mm) Boulders 
Cobbles 
Gravel · Coarse 

Fine 
Sand Coarae 

Mecttum 
Fine 

3 inches (78.2mm) to 12 inches (305mm) 
314 inches (19.0Smm) to 3 1nches (78.2mm) 
No.4· 3118 •nches (4.75rnm) to 314 inches (19.05rnm) 
No. 10 (2.00mm) to No.4 (4.75rnm) 
No. 40 (0.425rnm) 10 No. 10 (2.00mm) 

Sill 
Clay 

No. 200 (0.074mm) to No. 40 (0.42Smm) 
O.OOSmm to 0.074mm 
loss than 0.005rnm 

COHISIONLESS SOilS 

~loft 

,. ma;or soil constituent 11 tl'le princ•pal noun, 
i.e. sand. silt, gravel. The second ma,or soil 
conat1tuent and other minor constttuents are 
reported u follOws: 

Second M~ Conotlt....,t Minor Conatltuenta 
(percent by weight) (percent by weight) 

Trace. t to 12'!11 Trace· t to 12'!11 

o.n.Hy 
CIIUIIIcaltion 

Very l.ooM 

l.ooM 

Medium Compact 

Compact 

Very Compact 

_.,. 
DeNily% 

0·15 

18·35 

38·85 

88·85 

88·100 

Appro•'"""" ,._of(N) 

0·4 

5·10 

11·30 

31·50 

Over 50 AdtoctiVe • 1 2 to 35% 
(clayey, Silty. etc.) 

And· Over35% 

Wnle. 12 to 23% 

Some • 23 to 33% Relattve DenSity ot Cohestonleu Soils is buecl upon the evaluation ot 
tl'le Standard Penetratton Reststance (N), modified as requ.red tar 
depth effects. sampling effects. etc. 

COHESIVE SOILS 

If clay content is sufficient so that clay dominatu so•l properties, clay becomes the pnnctpal noun with the ott'ter ma;or soli 
constituent u mOdifier; 1.e .. stlty clay. Oth., m1nor S041 constituents may~ tncluded 1n accordance WJth the Ci&SIIficauon 
breakdown tor cohensiOnless SOlis; i.e .• Silty clay. trace of sand, little gravel. 

~oteMy 

Very Soft 
Soft 
Medium 
St1H 
Very SliH 
Hatd 
Very Hlld 

Unconfined Comprealve 
Strwngth(pol) 

e.tow 500 
500·1000 

1000·2000 
2000·4000 
4000·8000 
8000·18000 
Over 18000 

Appromlxate 
Range oi(N) 

0·2 
3·4 
5·8 
9·15 

18·30 
31 ·50 

Over 50 

Consistency ot cohesive soils is based upon an evaluat1on ot the ObseNod res1stance to deformation under load and not upott 
the Standard Penetrahon ~es1stance (N). 

SAMPLE DESIGNATIONS 

AS • Augttr Sample • Oiroc:t1y from auger flight. 
BS • Miscellaneous Sampln • Bonte or Baq. 
S • Spirt Sl>oon Sample w1th wnor Insert· ASTM 0 1586 
LS .. Liner Sample S wnn liner 1nsert 3 tnches tn length. 
ST • Shelby Tube Sample • 3 1nch d1ameoer unleso othii<WiSO noted. 
PS . Piston Sample • 3 tnch diameter unless otherwtse noted. 
AC • Rock Core .. NX core unless otherwtU noted. 

STANDARD PENETRATION TEST (ASTM 0 1586) ·A 2.0" oul51doodiamoter. 1·318" inSldOKliamoter spirt barrel samp1er1s 
driven into unc2isturbod 1011 by means ot a 140-pounct wetght falling trHty through a venicaJ distance of 30 inctl". The sampler 11 
normolly dnven thrM IUCCHA~vo 8-lnch 1ncremen11. The totol number of blows roqwed for tho hnol 12 inches of -a1KX'I 1& 
tho Stan<lard Penetn!tKX'I ROSI&tance (N). ' 

EXHIBIT I 
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c.OG OF SUSSUFIFACE PROFIC.E 
CJ...ASSIFICAT10HS ltv: 

NEVEl'!. TISEO 6 HINOO. ~ T 0. 
GROUND SI.IIIII'ACI IEUVATIOPe 

595.6 
r-

590~ FILL: Black SILTY SAND AND GRAVEL 
•ith Wood, Wire, Brick, Concreto 

I~ and Slack Foundry Sand. 

I I 

·~" 
580· . 

570 

560 v. 
I!. 

5solr Soft to Medium Gray SILTY CLAY 
/I, with Tract of Sand. 

540 I{ 
I~ 

530 }, 

520 

510 

500 

490 

AI 

"" . Very Compact Gray SAND AHO GRAVEL. --- .:c.o ToffsT 
1. Borings advancad using 4-inch 

diametar solid-stem augtrs to TO 
foot, and 3-7/8 inch diamettr 
tricont roller bit with rtclr· 
culatlng drilling fluid to.., .••. 
of hole. 4-inch diameter casing 
was driven to 12.5 fott. 

2. Artesian water pressure was ob• servod afttr penetrating the 
TOT ... OV'nl: JQQ,Q 
8CifiUOCI STMHD: 

.CIIIIHIII c;oMPUTCO: 

I N•IIC'Talt: 

Dltllo.I..D: 

c.owntAC78: 

12/19 84 I 
12/25/.84 
L. Kendall/D. Vtnsal 
J. Blank 
Aller! can Dr1111 ng Co. 

3. 

... WAip LIVIL IM ..._.AT UOOICAftD 

........ 01' ....... ,.,..,.. ~ICNI W -·-
Wtftl Q Plln' Ofl C.UI- Ul ~ o 

•eJNnl!AfiQN III!ITAfCI· 
~~~~U~~aa w .....,. • .., .... .,. catva:...L...eMC~~ 
o.o. - .. _._..,.Jl_,_. ..... , .. .ug__ ..... ,.,.., ,..,..JSL_ ..... ll'ltlll lll'.lilr.l.. 

·-
S 0 I I. 5 AM PL. E 0 A 'A 

ltiiAT\H!tAt., I 
lAMPL I liti,.EV, MOll TUn I oov II'IMIT"'IIIAT'ION' 
NUN8flflt {I' liT) COHTINT DIHII,.... ftllfSTAI'!ICI 

... Tl (PCI") 1 20 10 40 

LS-1 590.1 12.4 101.4 

LS-2 _sau r----.:- . I 
' ~~sl/ · 

I LS-3 580.6 './ ~~ ~4 ! :I - -
- . ~.:i·c-1 LS-4 '575:6 -

LS-5 570.6 36.6 84.7' I I I 

' I I . 
I i ! ' 

.'f m 

I ~-6 555 ~ h T 
LS-7 550.6 107.91 

I 
21.1 ~ 

; 
I LS-8 545.& - h 

: I 

I 

S•l 530.6 - . 
i ' ! I; 

LS-·9 ••n • 25.9 •• 7 i ~ I 
I 

I i, LS-10 515.6 ' - -
LS-11 510.6 21.7 106.2 ·1~ ' 8~ ' 

' 
~J5! t 

lS-12 505.6 - - ' 

LS-13 500.6 31.6 88.5; iJJ;;;. 
~ LS-14 495.6 NO 

I 

i I 

i 
hardpan Tayor. No 1 r;~;~tr!~.~~~~ wuob'. 2-inch diameter~~ • Stt Lo .r 
Monitoring Well No. MW•l. 

NEYER. TISEO & MINOO, LTD. 
CONSUL.TINCIINGINIIIIIS 

LOQ OP' TIUIT IIOPIINQ NUh481E111 TB-1 

ALl£11 PARK ClAY MINE -LANDFILL 
FORD MOTOR COMPANY 

ALlEN PARK, MICHIGAn 

-·CT .... 8H85 011 I,._ .... 
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L oc; OF SUBSURFACE F'FIOFILE SOIL S~MPLE DATA 
CL.ASSIF!eATIONS Bv: NATURAL. 

NEVEl'!. TISEO a HINOO. L T 0. SAMII'Li' II..E'tl. MOIITURil ,... PI!N[ 'I''IUT/O!IIj• 

GAOUHO SI.IIP'Ael Ea..&VATIOM:: NUtdRillll (FIE lET') CONTI NT DINIITY ... IITANC.IE 

591 '9 (PUC I NT) (!l'CF) 30 <10 5 

<o• 7i FI~~D '· Dark Brown SILTY? 1l l'l '\ s, with Slaa S-1 sau 18.9 - ; 
FILL: Loose to MediUIII Compact f 

581.9 I I ' LS·l - - ' -... \ Gray SILTY FINE SAND w1 th 

sao Llt~ll 'l!:t:· I I 
I LS-2 576.9 33.1 86.8! ii- ; ' i 

LS-3 571.9 - - : I 2 ~i. I • 
570· I I , : 

560' (( 
LS-4 551 .9 18.6 111.6 ~~ : I 

I I , 

LS-5 556.9 i ·~: i: i - -
LS-6 551.9 

I 
13 T 1 

~ 

Soft to Medium Gray SILTY CLAY - - ' 
s5o· 

with Trace of Sand. 

! .: LS-7 546.9 ! - -
! I j 

~ 540. 
PS-1 541 21 :r 108.41 I 

LS-8 536.9 - I I I ~ ~ 
w -.. 
' I i • & 
~ ' 
~ 530' T I LS-9 526.9 22.8 102.5 

. 
w 

! 

T• 1 LS-10 521.9 ' - - !·· 
520' : I ! 

-ps:2 515. 24.6 13.5 ~ ,- : 

Ve~~M~~~~-~r~~-~L~!~f G~!~!1 W~ LS-11 
' 

511. g 8.3 138.9 ' ·T r:-r 
s1 o· TT NOTES: 

1. Borings advanced using 6-lnch 
diameter solid-stem augers to 10 
feet, and 3-7/8 Inch diameter 
trlcont rolltr bit with rtclr-
culatlng drlllln9 fluid to 
bottom of holt. 4-1 nch dl amttar 
casing .as driven to 12.5 feet. 

2. Ground,..tor wos encountered at 
8.2 fttt during drilling. 

3. Boring backfilled with cement 
grout to surface. 

TOTAl. Hll"nt: 

~IMOITMTID: 

•CRING COMII'\.STI:D: 

80.0' 
12/26/84 
12/27/84 
o. vens'al 
J. Blank 

INVIICTQI!t: 

CMtu...&ll: 

CONTitACTCIII: Aoe•lcan Drilling Co. 
.. WAil!! LIYIL "' MOU AT UIDICATCD 

......... 0111 HCK.I'I ArrU CCIIM"I.ZTION Clfl 8CIIItt• 
WITM 0 ll'lln' fill' CAAI,_ IN~. 
*eJNU!ATION BJIIITttcl· 

NYttlltlt 01/1 8I...OWS •au1•11D 1"0 CllltVB..!_ti!JCM 
O.D. Mil.. ...,..L.U_ll_tiiiiCIIBI. Vlll,_.....llQ_ · 
~ .......... ,,...J£_,,.. Plllllll 11'111.1... 

' 

lr: 
I i i 

I , 
I ; :I 
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NEYER. TISEO & MINCO. LTD. 

CONSU\.TING INGINII'ts 

LOG OF TIEST BO"IHQ HUM liE" TB-2 

ALLEN PARK CLAY MINE LANDFILL 
FORD MOTOR CM'ANY 

ALLEN PARK, MICHIGAN 

~WD..,.: ja.. .... , 1!11/85 
...CUICT No, 84185 ow IF·-· ..... ~ 
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LOG OF GROUNDWATER MONITORING WELL 

(;;L.ASSII'ICATIONS 9¥: 
NEYER, TISEO & HINOO 

GENERALIZED - J 
SUBSURI:,ACE PROFILE! 

,G-ROUND SURFACE 
ELEVATION: 595.6 5 95h+-----...:...:..:.._-+-l 

~ FILL: SILTY SAND 
SSS 'J;. AND GRAVEL with 

~ Debris. •?!.O 

575/t 
'~ 

565 

~ 
555 I 

L 
I 

' ' 545 . 
I, 
f 

535 ! 
i 

525 ~ 
' I 

SILTY CLAY. 

LTD. 

WELL SCHEMATIC 

TOP OF CASING 
~ELEVATION: 599.94 

NON-SHRINKING 
CEMENT GROUT. 

515 Y~ 

505 1• 1V .. 1· • ..,..'"""-m.,.....,.......,,.,-~ 93.o W: %.ol"'lr ""fE~££tHEsEAL? 
495 't' sAND AND GRAVEL,:xl;l-i-~ 

TIP ELEVATION: 
497.1 

485 

NOTES: , 
1. Installed in test boring. For details 

of subsoil stratification, see Log of 
Test Boring TB-1. 

2. Hole reamed with 5-3/4 inch diameter 

l/11/85 
1/16/85 

GROUNDWATER OATA 

GFIOUNti
WATIEII 
EL.IEV. 
(I"IEIET) 

605.03 
604.93 Water froze in pi ezo

metric tube before 
reaching equilibrim. 

CASING - DI-ITIEII: 2. 0" 
- I..IENGTH: 97 .8' . 
- MATERIAL.: Ga 1 vani zed Steel 

SCREEN - DI-ITIEII: 2.0" 
5.0' - I..IENGTH: 

- Mt:SH: #18 slot 
- MATIEIIIAL: Stainless Steel 

WEI..!.. STAftTIEO: 12-19-84 
WEI..!.. COMI'L.ITIJ:O: 12-26-84 
INSI'IECTOR: L. Kendall/D. Vensel 
0RIL.L.ER: J. Blank 
CONTRACTOR: American Drilling Co 
EQUII'MIENT: CME-75 

NOTES: (Continued) 
4. Ground surface and casing top 

elevations provided by Wayne 
Disposal, Inc. 

NEYER, TISEO I HINDO, LTD.. 

..................... --- ........ --
GROUNDWATER MONITORING WEI..!.. No • ffl!.:.L i 

rotary-wash methods prior to well in- ALLEN PARK CLAY MINE LANDFILL stallation while 6-fnch diameter steel FORD MOTOR COMPANY casing was set at 12.5 feet. ALLEN PARK, MICHIGAN 3. Well annulus grouted with non-shrinking ·1-AI'-,.-RO-v_K_o_-......;.;_ =:..;....;..;.;..,,...;o.::..A'Tit:---:1,....-""2"""4--:8""5..-cement grout. 
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lltna1vit:7 • Shoa:::o Stro:~h _1Ur:c!1:11:'.Jrboo!) • J.az :-, t•lll:." .:.cr.:-n:':"': .. 'l (.:t~:J·.J~·iea.' 
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Increase shear strength by 7% to 960 psf based on Bjer~m's connection factor 

on Performance of Earth and Earth Supported Structutes ,. ASC~ vo I. 2 • I 9./? · PP · 1-5 • 

Figure 6 
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CONSOLIDATION TEST 

I..AIII !IAMI'U: ~ PRC.IIECT NO, 84185 QW SHEET 1 01"_..,!1 __ 
FoR Allen ParK Clay Mine Landfill DATE J/1 Z/85 
PRC.JECT LOCATION Allen Park, Michigan 
BORING .. TB-2 II'IIELD SAMI'U: * PS-1 SAMI'U: E'LIEV. (Til') 541.4 

TESTED av-~S~·:-~.V ... · ---
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I ~~ I \ 
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I I I - I 

I I I 
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:.;.· . 
I I I Cr .. 0.039 
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-----.-. -·-- ____ Trevira8 Spunbonds are highly needled non-woven·" 
-·~,,::_:- <-~'c~ fabrics .with excellent tensile properties, high filtration~ 
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-.. - ·-potential and outstanding permeability. 
Trevira" Spunbonds are 100% polyester con
tinuous spun needlepunched engineering 
fabrics. They deliver a combination of advan
tages unmatched by any other spunbonded 
geotextiles. They're resistant to freeze-thaw, soil 
chemicals and ultraviolet light exposure-

· excellent where the requirement is (1) tensile 
reinforcement, (2) planar liON, (3) filtration, and 
(4) separation. For example, in roadways, rail
beds, drainage systems. pond liners, retaining 
walls. And much more. Trevira" Spunbonds are 
extraordinary engineering fabrics. 

TYPICAL PHYSICAL PROPERTIES OF TREVIRA" TYPE 11 PRODUCTS 

Fabric Type 1115 1120 <lHD 1135 1145 1155 

Fabric Weight (oz/yd') 4.5 6. 8 10 13 16 

Th1ckness (mils) (ASTM 0-1777) 85 100 125 150 175 210 

Grab Strength (LB. MD/CO") (ASTM 0·1682) 130/110 175/155 260/225 340/300 430/390 525/485 

Grab Elongation.(%, MD/CO) (ASTM 0·1682) 85/95 85/95 85/90 90/95 90/95 90/95 

Trapezoid Tear Strength (LB,MO/CO) ( ASTMD-1117) 50/45 65/60 100/95 130/130 185/180 205/200 

Puncture Strength-¥••" (LB) (ASTMD-751) 60 90 125 155 200 260 

Mullen Burst Strength (PSI) (ASTM 0-3786) 220 300 380 500 600 800 

Vertical Water FION (GAL/MIN/FT') (HFI Test) 325 300 280 265 240 220 

EOS (CW-02215) 70+ 50--70 70·100 70+ -too+ too+ -120+ 120+ 

Std. Roll Widths (FT) 12.5, 14.5 and 16.0 

Std. Roll Length (FT) 300and 1000 300and600-

'MD= Machine Direction, CD= Cross Machine Direction Special widlh and longlh rols ate available upon request 

Note_ : Typical Physical Properties_ ol Type 11 Products representlyMI average values as opposed to specifiCation values . 
For recommended end use speclhcatiOOS and phys1cal properti"'-"'tacl )'OUr TREVIRA Spunbond OistnbuiOf . r) 
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FIIIIC BIDES 
For pond appl1ca.t1ons, Flbretex is supplied 1n four grade t.hlcJrneesee. Roll sizes are 13.0 or 
17.5 tt. wide by 300 tt.long. 
Custom sizes ca.n be ordered to meet the 
spec1al requ1rsment.a of a.ey pond project. The 
avallahlllliY oftb.eee different grades and 
sizes perttiits the mbet 8Qi:lrl0tni6al cho1ce for 
eacll~n.caee Pal:it'1c "~Sel8ct6r Guida), . . . 
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D-6f ,- Run-On Control Systems-Michigan Act 64 of Public Acts 1979 and 
40 CFR 270.21 (b) (2) 

The Administrative Rules state that to minimize leachate generation: 

"All disposal facilities shall have diversion structures capable 
of diverting all surface runoff water away from the active 
portions of the disposal facility for a 24 hour, 100 year stonn." 

D-6f (1) Calculation of Peak Flow 

1. Description of Hydrologic method used to estimate peak 
flow rates. 

2. Data and Input parameters. 

- Soil classification determined from available soil 
boring data. 

- Runoff areas and slopes determined from available 
topographic maps. · 

- Type of ground cover determined from field observation. 
- On-site drainage data taken from present landfill plans. 

3. Determine Peak Flow Rate- 100 year, 24 hour storm 

Using U.S. Weather Bureau Technical Paper No. 40- 100 year, 
24 hour rainfall is 4.6 inches for this area. 
Using U.S. Soil Conservation Service TR-55 Graphical Method 

Ditch Along Relocated Haul Road-SW of Cell II (Area A) 

-scs Method TR-55 (Figs. 5, 7, & 9). 
-Type "B" Soil 
-Slopes-Moderate, 5% average 
-Most offsite area would be classified as "cultivated" 
-From the above a runoff curve number of 80 would be 
conservative. 

-Drainage area tributary to the most downstream ditch point 
of this section; midway along the west side of Cell II= 4.56 
acres. 

-Runoff Depth= 2.55 inches 
-Peak discharge = 14 cfs 

(See Hydrological Analysis Charts in Appendix) 

Ditch Along Relocated Haul Road-NW of Cell II (Area B) 

-scs Method TR-55 
-Type "B" Soil 
-CN of 80 
-Most offsite area would be classified as "cultivated" 
-Runoff Depth = 2.55 inches 

The above parameters apply to the entire site unless otherwise 
noted. 
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-Slopes 5% average 
-Drainage area tributary to the downstream ditch point at the 
northwest corner of Cell II = 7.41 acres. 

-Peak Discharge = 21 cfs 

Ditch Along Hazardous Waste Haul Road-NE of Cell II (Area D) 

-Slopes 20% average (for Cell II interim slopes) 
-Drainage area tributary to the most downstream ditch point at 
the midpoint of the ditch run= 1.02 acres 

-Peak DiS£:harge = 4 cfs 

Ditch Along Hazardous Waste Haul Road-NW of Cell II (Area C) 

-Slopes 20% average (for Cell II interim slopes) 
-Drainage area tributary to the most downstream ditch point at 
the west end of the Hazardous Waste Haul Road = 2.00 acres 
-Peak Discharge = 8 cfs 

Ditch Southwest of Cell II Along Existing Haul Road (Area E) 

-Slopes 4% average 
-Drainage area tributary to the southwest corner of Cell II 
where the perimeter ditch turns easterly= 0.75 acres 

-Peak Discharge = 3 cfs 

Ditch Along Southwest Part of Cell II (Area F) 

-Slopes 4% average 
-Drainage area tributary to the southerly midpoint of Cell II 
where the ditch jogs to the north = 5.40 acres 

-Peak Discharge = 16 cfs 

Ditch Along the Southeasterly Part of Cell II (Area G) 

-Slopes 6% average 
-Drainage area tributary to the southeast corner of Cell II 

= 7.84 acres 
-Peak Discharge = 21 cfs 

Ditch Along the South Side of Existing Cell I (Area H) 

-Slopes 6% average 
-Drainage area tributary to the Sedimentation Pond = 10.26 acres 
-Peak Discharge = 25 cfs 

D-6f (2) Design and Perfonnance 

The basic Run-On control facility 1s the drainage ditches 
that run along the north,west and south sides of Cell 11. 
As the cell is prepared for operation, a clay dyke is constructed 
around the cell, through the upper sand formation and extending 
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up to 10 feet above adjacent ground surfaces. This dike will 
~ pr:e\'f;!nt-ryn:-on fro.mentering Cell II from areas outside the cell. 

The drainage ditches will be checked for adequate size and 
capacity. 

Ditch Design Calculations 

Formulas; 

c A = JL (Continuity) 

" 
Q = 1.~6 A {R~ s''• (Manning Equation) 

Section A 

Qd " 14 cfs 
Sb = 0.60% · 
Ss = 2H: 1 V 
N = 0.03 . 

Section B 

Qd = 21 cfs 
Sb = 0.65 :t. 
Ss :--2H:lV 
N = 0.03 

Section D 

Qd = 4 cfs 
Sb = 0. 70% 
Ss = 2H: 1 V 
N = 0.03 

Section C 

Qd = 8 cfs 
Sb = 1.00% 
Ss = 2H:1V 
N = 0.03 

Depth " 1.55 1 

Q = 1.~~ X 4.81 X (.6911,) X (.006"-t) 

Q = 14.4 cfs: 14 cfs 

V = 14 I 4.81 = 2.9 fps (OK) 

Depth = 1. 8 ' 

Q = 1:~6~ 6.48 X (.8051
1>) X (.0065'11) 

Q = 22.4 cfs:: 21 cfs 

V = 21 I 6.48 = 3.2 fps (OK) 

Depth = D. 95 1 

Q = 1:~6 X 1.81 X (.42£i'll) X (.007'1t) 

Q = 4. 2 cfs:: 4 cfs 

V = 4 I 1.81 = 2.2 fps (OK) 

Depth= 1.15 1 

Q = 1 :~6 
X 2.64 X (.514~) X (.01'1>) 

Q = 8.4 cfs:::.8 cfs 

V = 8 I 2.64 = 3.0 fps (OK) 
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Section E 

Section E consists of an existing ditch adequate for continued use 
as no change in it's upstream area is proposed. 

Section F 

Qd = 16 cfs 
Sb = 0.50% 
Ss = 2H:lV -
N • Oo03 

Section G 

Qd = 21 cfs 
Sb = 0.50% 
Ss = 2H: lV 
N = 0. 03 

Section H 

Qd = 25 cfs 
Sb = 0.50% 
Ss = 2H:lV 
N = 0.03 

Depth = 1. 7 ' 

Q = 1• ;~~ x 5:78 x (. 76l""l x (. oos''') 
Q = 16.8 cfs zl6 cfs 

V = 16 I 5.78 = 2.77 fps (OK) 

Depth= 1.9 ' 
Q = 1. ~~ x 7. 22 x ( .849'.S) x (. oos'~•) 
Q = 22.6 cfs::21 cfs 

V = 21 I 7.22 = 2.9 fps (OK) 

Depth = 2.0 ' 
Q = 1. 486 x a x (. 895"'>) x (. oo5''•) .03 

-Q = 26.0 cfs :::25 cfs 

V = 25 I 8 = 3.1 fps (OK) 

Since ditch bottoms will be a minimum of 2.5 feet below adjacent road 
surfaces and a minimum of 3.5 feet below the top of adjacent dikes, 
there will beno problem handling run-on and no problem of drainage 
overtopping the dike causing inflow into the active area. 

Minimum Freeboard= 3.5 ft. - 2.0 ft.= 1.5 feet. 

Structural Design 

All run-on control conveyances are in the form of open ditches 
constructed of CL or CH classification clay soil material. 
Ditch ve-Toc1 ties for the various de$tg11 condtttons are very 1 ow 
and non-erosive. Generous freeboard depths are also available 
in all ditches. 
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0·6f (4) 

D-6g 

. 0-6g(1) 

Construction 

The first step in the ditch construction procedure is the 
excavation of the sand formation and construction of the clay 
cut off walls extending from the existing clay formation up to 
plan grades. This cut off wall forms one side of the ultimate 
ditch section, and provides an engineered clay barrier between 
the ditch and Cell II, preventing both surface overflow and 
underground intrusion into the cell. 

The ditch along the west side of Cell II, adjacent to the 
existing haul road is already existing, but will be relocated 
per plan when perimeter dike construction and haul road 
relocation occurs. 

These ditches protect the north, south, and west sides of 
the Cell from run-on from adjacent land areas. To the east, 
grades on Cell I provide surface run-off away from Cell II to 
the existing sediment pond. 

Ditch capacities and freeboard conditions have been set 
forth previously. 

Maintenance 

The generally low velocities and rates of flow, combined 
with substantial excess available capacity substantially 
reduce any expected need for repair, and also reduce the 
possibility that a failure could result in run-on entering 
the active areas. 

However, all ditches will be inspected on a regular basis, 
not exceeding 3 month intervals, and any potential failure 
areas repaired as appropriate. Active landfill areas that 
are still below ground will be inspected on a weekly basis 
or after each storm event to see that no failures in the 
drainage system have occurred. , 

Run-Off Control System-Michigan Act 64 of Public Acts 1979 and 
40 CFR 270.2l(b)(3) 

The Administrative Rules state that to minimize hazards 
from run-off of contaminated liquid: 

"Surface water run-off, up to the quantity anticipated from 
a 24 hour, 100 year storm, from the active portions of a disposal 
facility shall be collected and confined to a point source ••• " 

Calculation of Peak Flow 

We are concerned here about the portion of the landfill 
that is in a technically •active• stage at any one time. 
Thfs fs understood to mean all areas where waste has 
been placed, that have not yet received completed final 
cover. 
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The general design concept to be used, will consist of containing as much of the direct active area run-off as possible, in or on the cell, while minimizing the amount of this runoff that is allowed to enter the stored waste. After collection and containment, and after the storm ·event is over, the runoff will be removed for physical evaluation, and possible treatment prior to discharge. Method of discharge will be determined by the end qua lf ty of the runoff. 

Run-off Calculation Assumptions 

Formulas are the same as used in the Run-on computation: 
-Type "C" soil 
-Surface character "uncultivated" 
-Runoff Curve (CN) of 85 
-Direct Runoff = 3.0 inches [See Hydrological Analysis Chart-Runoff From Active Landfill Areas, in Appendix) 

Active Area Assumptions 

Active fill areas contribute runoff which must be contained prior to treatment and/or discharge. The areas of concern are those without final cover since all final covered areas slope away from the active area,&are protected by the final cover mr~brane liner. Therefore, the critical element is the largest open fill module while that module is in progress, plus the twenty feet of space from the toe of the nearly complete module to the temporary containment berm. 

Runoff Calculation per Unit Width of Cell-
Assuming a one foot wide section. per0endicular to the direction of filling, with a maximum length of 220 feet (in module #2) plus a distance of 20 feet to the temporary containment dike, results in a total area of 240 square feet. 

3" Runoff Volume = 240' x 1' x 17'' = 60 cubic feet (for largest module) 
Available Storage·= 20 1 x 41 x 1' = 80 cubic feet (1' freeboard at dike) 

The design storm therefore equals a 31 temporary impoundment against the 5' high temporary containment berm, for the maximum sized module. Most of the other modules have a much smaller width, on the order of 130 feet, including the 20 ft. space to the dike and therefore would have much smaller impoundments. 
3" Typical Runoff Volume= 130' x 1' x 1~ = 32.5 cubic feet. 

This equates to a typical impoundment depth of 1.6 feet. 
- J;)S· 
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D-6g ( 4) 

Lesser storms than the 1~~ year frequency event would generate 
1 ess runoff and sma 11 er impoundments. 

Design and Performance 

The remaining unfilled cell bottom area has its runoff provided 
for through isolation from the portion containing waste by a 
series of containment dikes in the cell. The runoff in the 
"clean" portion of the cell is collected at the low end and 
pumped out to the natural drainage system. 

The area of exposed waste will not have any separate, dedicated 
runoff collection system. Several potential temporary means were 
considered, but discarded due to practical difficulties in main
taining them during the waste placement operation. What is 
proposed for this stage of landfill operation is to allow the 
runoff falling directly on the active work area to runoff ~ to 
inff1trate fnto the waste and be pumped out of either the temporary 
leachate sumps on the waste side of the bottom cross dykes, or 
when the bottom is filled, i nfil tra ted water will be pumped out 
of the permanent leachate collection manhole. It is felt that 
this is the most practical way of handling infiltration during the 
landfill operation, and will result in some buffering of leachate 
volumes to be handled. While this may result in higher contaminant 
levels in the leachate, it is felt that this material must be 
handled as leachate anyway. Emphasis ~!ill be o1aced on keeoing 
the exposed waste wcrking face as small as possible, getting 
above ground as soon as possible, and placing intermediate or 
final cover as soon as possible. All of these will tend to 
reduce the quantity of contaminated water. It is recognized 
that this is the most critical period for control of leachate 
and it is our opinion that time of exposure reduction via final 
cover construction is the most effective way to manage leachate 
generation. 

Construction 
The construction elements outlined above are part of the normal 
required construction of the landfill, and are covered elsewhere 
in this report, or in the accompanying plans. 

Maintenance 
' Since most construction elements are part of normal landfill 

construction, their maintenance is part of that activity as well. 
Temporary cross berms will be inspected weekly or after each 
storm event to check for weak or failed areas., which if found 
will be repaired as soon as weather permits. Temporary surface 
containment berms will be inspected on the same schedule. Drain 
pipes will be checked on the same schedule to see that no failure, 
siltinq in, or other blockaqe has occurred. 
Runoff will be promotly purnoed out after each sto~ event, t~sted 
if necessary and appropriately discharged as prev1ously prov1ded for. 



0-6h Management of Collection and Holding Units 40CFR 270.21 (b) {4) 

The Facility Standard states that: 

"Collection and holding facilities (e.g., tanks or 
basins) associated with run-on and run-off control systems 
must be emptied or otherwise managed expeditiously after 
storms to maintain design capacity of the system." 

The only collection and holding facility proposed, is for contain
ment of clean runoff in the trench bottom beyond the active face temporary berm, and containment of surface runoff until final cover is completed. 
Both of these facilities will be pumped dry immediately after each storm 
event. If there is any question of contamination of any of this runoff, 
it shall be tested to determine if any treatment is required prior to 
discharge. 

Runoff that is allowed to pass through the active area will be 
removed from the leachate sump or leachate collection manhole for evaluation and possible treatment prior to discharge to the municipal sanitary sewer 
system. All non-contaminated runoff.will be discharged to the natural 
drainage course. All contaminated runoff will be handled as leachate 
and processed through the leachate holding tank. with ultimate discharge to Wayne County's public sanitary sewer manhole #23A. 
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D-61 Control of Wind Dispersal 40CPR 270.21 (b) (5) 

The Pacility Standard atates that: 

"If the landfill contains any particulate matter 
which may be subject to wind dispersal, the owner 
or operator must cover or otherwise manage the 
landfill to control wind dispersal." 

Particulate emissions caused by wind erosion of landfill wastes 
or aoil cover material can be minimized by various forms of physical, 
chemical or vegetative stabilization. Wind dispersal of landfilled 
wastes will be controlled primarily by regular compaction of waste 
material, and daily application of cover material over all exposed 
waste surfaces during the active life of the landfill. As individual 
cells are brought to final grade, the final clay cover and synthetic 
fabric top liner will be constructed over these areas, thus further 
sealing the landfill and isolating waste material from potential wind 
dispersal. 

Wind dispersal of daily cover material must also be controlled. 
This will be done by application of dust settling water spray on a 
regular basis as necessary. Ford Motor Company presently has a 2500 
gal. water tank truck on site on a full time basis. This is 
presently manned and operated by D ' S Liquid Transport under a 
contract with Ford Motor co. Ford will maintain this agreement or a 
similar one on a continuing basis for the life of the landfill. If 
necessary during extremely dry periods, they.will also arrange for 
chemical stabilization applications through the same firm. Regular 
water spray applications will also be applied to interior unpaved 
access roads to control dust and blowing soils. Truci< wheel wash installed 
.Jo minimize track out and resultiog fugitjve·dust.. 

Pinal cov•r and vegetative growth will be used to permanently 
stabilize the final landfill surface. Opon completion of the final 
clay and synthetic fabric cover, topsoil and seed, fertilizer and 
mulch will be applied to establish a final dense grass cover on the 
landfill. 

, 
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This is to certify that the above stated prov1s1ons of sections D-6f 
through D-6i are required to comply with the provisions of 40 CFR 270.21 
& Michigan Act 64 of Public Acts of 1979. 

MIDWESTERN CONSULTING, INC. 

?c?/~ 
P. A. Landau 
Registered P.E. 132070 Mich. 
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concentration (T0 ) for 24-hour, type-II storm distribution. 
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To further define 1 imitations on the graphical method the results of 

numerous TR~ 20 runs wer_e_ compared with estimates of peak discharge made with 
the graphical method. _The runs were made for ranges of the time of concen
tration (hours), the precipitation volume (inches), and' the curve number of 
0.5 to 5.0 hours, 1.0 to 10.0-inches, and 50 to 95 curve number units, re
spectively. The results indicate-that the graphical method is a valid ap
proximation of TR-20.as long ~s.the initial abstraction is less than 25 per
cent of the total 24-hour rafnfall;-this constraint is easily assessed using 
the following tabular representation of the_ constraint, which relates the 
curve number (CN) and the minimum precipitation: 

CN 

50 
60 
70 
80 
90 
95 

minimum 
precipitation 

8 ;00 inches 
5.33 
3.42 
2.00 
0.88 
0.42 
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Figure 9. Peak discharge in csm per inch of runoff versus time of 
concentration (T0 ) for 24-hour, type-II storm distribution. 

To further define limitations on the graphical method the results of 
numerous TR-20 runs were compared with estimates of peak discharge made with 
the graphical method. The runs were made for ranges of the time of concen
tration (hours), the precipitation volume (inches), and the curve number of 
0.5 to S.O hours, 1.0 to 10.0 inches, and SO to 9S curve number units, re
spectively. The results indicate that the graphical method is a valid ap
proximation of TR-20 as long as the initial abstraction is less than 2S per

cent of the total 24-hour rainfall; this constraint is easily assessed using 
the following tabular representation of the constraint, which relates the 

curve number (CN) and the minimum precipitation: 

CN 

so 
60 
70 
80 
90 
9S 

minimum 
precipitation 

8.00 inches 
S.33 
3.42 
2.00 
0.88 
0.42 

-;;;_.s-8-
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TABLI! 3. COMPUTATION SIII:I!T: TR-55 GRAPII •mTIIOD . -; ' . ~ . . : ., 
' ' 

5c,c..TfoAi /1 
I. 

\ 1. Esti11ate the volu.e of runoff . 
•a. T • 100 (y~ars): return period fo~ 'design 
•b. P • ~ ~ ·(inches): 24-hr, T-year precipitation volume (I.e., depth) •c.CN • /?0 : runoff curve number 
d. Q • .;?SS .•(inches): runoff volume obtained fro11 E~. 7:, or Flg.S 

2. Drainage Area: A • .oo7/ (Square 11lles) ('-/!% ,.;><) 
I ,, 

' 
. 3. Estiaate Tl•e-of-Concentratlon (use either the lag 11ethod or the velocity . •ethod) ' 

' LAG MI:TIIOD , VI!LOC JTY MFillOD ' •a. CN • 8'0 •a. land use --------•b. Slope • 5% (\) •b. slope • (\) •c. hydraulic length • BoO (ft) •c. hydraulic ,length (IlL) • (ft) d. L • 0,1-J HR.S (hours): fro• Fig. 7. d. velocity (V) • (fps): fro• Flg.8 e. tc • o. ,;l,;:J._ (hours) • t L IlL e. tc • •~nnO (hours) 

4. Est111ate unit peak discharge (q~) • 770 (cfs/•i2/in): use Fig. !I 5. Estlaate peak discharge qp • qp AQ • /3. j7 ciS ___ (cfs) 

.77o:J x .oo71,. 2..55 ~ 13.9 c.f's. · • indicates required input 

. ' :,· 

:• . . . .. 
~ .. 



"' --1 
}j 
I 

<<~;::.:.~r . t .. · .. ,_ c· ·'·-'-'---~----
... :- _.' '. ___ .:.__ __ _J.c:..._"~'-_._;__.;._ ___ _ 

·, 
TABLE 3, COMPUTATION SHEET: TR-55 GRAPil •teTHOD -; :-x: 'no~ B 

1. Estiaate the volu.e of runoff 

••• T • '-~ 
"-
, uu (years): return period for design 

•b. p. <.t /_ - ,. ~ (inches): 24-hr, T-year precipitation volume (i.e., depth) 
•c.CN • ,fo runoff curve number 

• d. Q. .-, r .::-

' 
•. ..,~ (inches): runoff vol1111e obtained fro11 Eq. 7 or Fig. 5 

2. Drainage Area: A • .o//0 (Square 11iles) (7-'h 4c) 

3. Estiaate Ti•e-of-Concentration (use either the lag •ethod or the velocity •ethod) . 
LAG METIIOD VELOCITY METIIOD 

•a. CN • go •a, land use 
•b. Slope • 57. (\) *b. slope • (\) 
•c. hydraulic length • . /!()() (ft) 
d. L • .((o (hours): fro• Fig. 7 

•c. hydraulic length (IlL) • ____ _,_;.._(ft) 
________ (fps): fro• Fig, 8 d.· velocity (V) • 

e. tc • (),;;]. 7 (hours) • j L IlL 
e. tc • 3600V ----~-(hours) 

4, Estl•ate unit peak discharge (q~) • ~()~ 
i2 (cfs/•i /in): use Fig. 9 

5. Estiaate peak discharge qp • qp AQ • Zt!J. 8 (cfs) 

7o~(o11,_)(.J.55) = 2o.f3Js • indicates required input 

.;.. ·' 

·--.-:· 

.: .. 
':-, 

···: .. . . 
·: ·' 

.... · 

., .. ... 

,\,'· :·.· 
.·.·. 

... .. 
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TABLll J, COMPUTATION SIIEilT: TR-55 GRAPH .lllTI«JO - St:Oio<l !"':> 

1. Estimate the voluae of runoff 
•a. T • (_00 
*b. p • .;.~ 

*c.CN • cFo 

(years): return period for design 
(inches): 24-hr, T-year precipitation volume (i.e., depth) 

runoff curve number 
d. Q • .;)55" (inches): runoff volume obtained from Eq. 7 or Fig.S 

2. Drainage Area: A • .o~Jt_ - ·- (Square miles) (;. 02.. Ac) 

3, Estiaate Tl•e-of-Concentratlon (use either the lag •ethod or the velocity •ethod) 
LAG METIIOO VELOCITY METHOD 

*a. CN • 1?0 
•a. land use ----------------*b. Slope • ~0% (\) *b. slope • (\) 

' 

\ 

*c. hydraulic length • 4o0 (ft) •c. hydraulic length (IlL) • (ft) d. L • .oJS (hours): fro• Fig. 7 d. velocity (V) • (fps): fro• Fig,8 e. tc • .05/? (hours) • t L HL 
e. tc • 3600V ______ (hours) 

4. Estl•ate unit peak discharge (q~) • /0 6 0 (cfs/•i2/in): use Fia. 9 5. Estiute peak dhcharae qp • qp AQ • L/3 ___ (cfs) 

* indicates required input 

. ''. 
':·, 

'-;:· .. ' .. ....... 

1oro o (. oo ;") z.ss : '-/. 3 cfj 

. , ·: ... 

.. 
..... · 

, .. 
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TABLE 3. COMPUTATION SHEET: TR-55 GRAPH METHOD - · ' ·' ' 

1. Estiaate the volu.e of runoff 
•a. T • lOO 
*b. p • Lj.(p 

•c.CN • cfO 

d. Q • /,55 --

(years): return period for design 
(inches): 24-hr, T-year precipitation volume (i.e., depth) 

runoff curve number 
(inches): runoff volume obtained ·from Eq. 7 or Fig.S 

2. Drainage Area: A • • -:' "\ ;J_ J .. ~. (Square •ll es) (Z.ao ~c..} 

3. Estiaate Ti•e-of-Concentratlon (use either the lag method or the velocity •ethod) 
. LAG HElliOD VELOCITY ME1llOD 

*a. CN • .:J() 
*a, land use ------*b. Slope • z,) :~. (\) *b. slope • (\) *c. hydraulic length • 700 (ft) •c. hydraulic length (IlL) • (ft) 

\ 

d. L • .0_~5 (hours): fro• Fig. 7 d. velocity (V) • (fps): fro• Fia.B e. tc • • 0'77- (hours) • ~ L HL 
e. tc • l600V ----------(hours) 

4. Esti•ate unit peak discharge (q~) • /O!c"J (cfs/•i2/in): use Fig. 9 5. Estlute peak discharge qp • qp AQ • ![ ct'•. (cfs) 

• indicates required input 

·.·::;: 

; .. · \• . . . 
'•. 
-•.' 

···-: . 
. ' 

/0 ;a(. <.>u J;) (~·. ,. r,_i ·. 7. '1€', crs 

.... -
· .. ·:;· > :· :-: 
..-:: .-:' . 

. ; ~ :. 
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TABLI! 3. COMPUTATION SlfEI!T: TR-55 GRAPif ~IETIIOD s'- ~ ",. 
1. Estimate the volume of runoff 

•a. T • 
*b. p • 

*c.CN • 
d. Q • 

/00 

"i:. .:, 
,fo 

;?.S5 

(years): return period for deslan 
(inches): 24-hr, T-year precipitation volume (i.e., depth) 

runoff curve number 
(Inches): runoff volUIIe obtained fro11 Eq. 7 or Fla. 5 

2. Drainaae Area: A • ...... , - (Square miles) (o. 75 ~-) o.o-- 1
""' 

3. Estiaate Tl•e-of·Concentration (use either the laa 11ethod or the velocity •ethod) LAG METIIOD VELOCITY METHOD *a, CN • £o •a. land use --------*b. Slope • (\) *b. slope • (\) •c. hydraulic length • '-/r.?.) (ft) •c. hydraullc length (IlL) • (ft) 

\ 

d, L • • 0 7~ (hours): fro• Fla. 7 d. velocity (V) • (fps): fro• Fls.8 e. tc • . 1:17 (hours) • j L HL e. tc • J600V (hours) 

4. Est111ate unit peak dlscharae (q~) • )3S (cfs/ml 2/In): use Fla. !I S. Estl•ate peak discharge qp • qp AQ • ___ 3 ______ (cfs) 

• indicates required Input •'j >,r (, ,)<)/,: ), '7 r;~): 7 l"l/ ... _.... ,, -·· )_ £,<!'"Lb 

·<::··, ... 
. . --.· 

....... 
·-.·. 

·._ . 
--~~ .. .. 

·.:' ; .. . 
'i ... 
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TABLI! 3. COMPUTATION SHEI!T: TR-55 GRAPII .II!TIIOD ::c. ,---, ,,._. / 

\ 1. Estimate the volu.e of runoff 
*a. T • t_O 0 (years): return period for design 
*b. p • 

"'~ (inches): 24-hr, T-year precipitation volume (i.e., depth) •c.CN • fu runoff curve number 
d. Q • c2.55 (inches): runoff volume obtained fro~ Eq. 7 or Fig. 5 

2. Drainage Area: A • c:), 0/,.1/1>1.../ - v , (Square 11iles) (s. ¥D ~,~.,.:::.) 

3. Estiaate Ti•e-of-Concentration (use either the lag ~ethod or the velocity •ethod) 
LAG METIIOD VELOCITY MEnlOD 

*a. CN • 8'0 •a. land use --------•b. Slope • •. • (\) *b. slope • (\) •c. hydraulic length • ?oo (ft) •c. hydraulic length (IlL) • (ft) d. L • Q.;S (hours): fro• Fig. 7 
(hours) • } L 

d. velocity (V) • 

IlL 

________ (fps): fro• Fla. I e. tc • 0. 2-5 
e. tc • J6iiOll _______ (hours) 

4. Esti11ate unit peak discharge (q~) • 72.5 (cfs/•12/ln): use Fig. 9 5. btl•ate peak discharge qp • qp AQ • _ /G ______ (cfs) 

• indicates required input 7L5(.ooN)(z.ss). ;S.~ 

:· .. ,-... 
',·.· 

.; 
·;. 

.. ... 

·: ,: 

.·:~\. 

· ...... . 
'/ 
··>' 
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TABLE 3. COMPUTATION SIIEI!T; TR-55 GRAPII •rernoo ::;c (" r r j / J r 

\ 1. Estimate the volu.e of runoff 

, LJu (years): return period for design 
· r·"" (Inches): 24-hr, T-year precipitation volume (I. e., depth) 

runoff curve number 
, ·-"' (inches); runoff volUIIe obtained fro11 Eq. 7 or Fig. S 

-. ~ (Square 11iles) (7 i? '1'" <) 

3. Estimate Tl•e-of-Concentratlon (use either the lag 11ethOd or the velocity •ethod) 
LAG METIIOD VELOCITY METHOD 

*a. CN • u _ _....~--- •a. land use ----------------*b. Slope • (o (\) *b. slope • (\) *c. hydraulic length • I. z.oo (ft) *c. hydraulic length (IlL) • (ft) d. L • 0.16 (hours): fro• Fig. 7 d. velocity (V) • (fps): fro• Flg,8 e. tc • o.n (hours) • i L IlL e. tc • io::nnO ________ (hours) 

4, Estl••te unit peak discharge (q~) • o u (cfs/ml 2/in); use Fig. !I 
S. Estlaate peak discharge qp • '1{. AQ • 2.. I (cfs} 

• indicates required Input 7o o (. ou)( _, ::; ::; ) ~ . .:u. '/ 

·.: ;: . 
. ;;-··. · . . , 

',' ... 
. \ 

/ ·, .. . . ::::[:(:_{_~.: -...... 
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TABLE 3. COMPUTATION SHEET: TR-55 GRAPil ~IETilOD "- ,t: .:" ...,.-} ,) 1'1,) ' 

I 1. Estimate the volume of runoff 
,~ ~ (years): return period for design 
,. - (inches): 24-hr, T-year precipitation volume (i.e., depth) 

runoff curve number 
~ (inches): rtmoff volume obtained from l!q. 7 or Fig. 5 

~, ~ (Square miles) (;c;, 2..." /lc.•c s) 

3. l!stiaate Time-of-Concentration (use either the lag method or the velocity •ethod) 
LAG METIIOD VELOCITY METiiOD 

*a. CN • Po •a. land use--------*b. Slope • (\) *b. slope • (\) •c. hydraulic length • /700 (ft) *c. hydraulic length (IlL) • (ft) d. L • Q. 21 (hours): fro11 Fig. 7 d. velocity (V) • (fps): fro• Plg.8 e. tc • o. 3!: (hours) • j L 

4. EstiMate unit peak discharge (q~) • <¢I 5 
5. Esti .. te peak discharge qp • qp AQ • 2~ 

HL 
e. tc • 3600V --------_(hours) 

(cfs/mi2/in): use Fig. 9 
(cfs) 

• indicates required input / ~( ) ' ,. ·', 2 ~ / (fl/_') ,Cit._(..!··_,/-: ~ • 
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HYDROLOGY: SOLUTION OF RUNOFF EQUATION 0• lr-gz s1 2 P• 0 to 12 lneheo 
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FIGURii 5. Graphical Solution of Rainfall-Runoff Equation 
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